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10.1 INTRODUCTION

Electrochemistry is a discipline of chemistry that studies chemical processes that
produced at electrodes. Electrochemistry has diver’s applications in daily life; this
includes electroplating, separations of salt, organic and inorganic synthesis, sensors,
pollution control, energy, etc. Over the globe, the most of the electrochemist use
the boon of electrochemistry especially conversion of chemical energy to electrical
energy. The different batteries, supercapacitors and fuel cells are the most common
gifts of electrochemistry to the mankind. The batteries are used to power a vari-
ety of devices, including electric vehicles, smartphones, electronic tablets, watches,
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pacemakers and many others. Chemical reactions in batteries provide power that can
be transformed into useful work. The transport of the electrons also occurs in the
electrode material, electrode current collector interface and outer circuit in electro-
chemical applications. The processes take place in a system called the cell. In many
systems, the reactions take place in a cell, where electrons are transferred between
electrodes.

A rechargeable battery is an electrical device, which has many electrochemical
cells together. Batteries involve electrically reversible electrochemical reactions and
therefore known as secondary cell. While discharging of the battery, stored charges
depleted slowly however during charging chemical reaction get reversed to restore
new charges. With the advent of portable devices such as notebook computers, cell
phones, MP3 players and cordless power tools, the demand for rechargeable batteries
has increased dramatically in recent years. In 1859, the invention of lead-acid ele-
ment by French physicist Gaston Plante opened a research filed toward new technol-
ogy based on battery and still researches are going on battery system. Plante batteries
with lead anodes, lead dioxide cathodes and sulfuric acid electrolyte are the pioneers
of modern car batteries.

Both the primary batteries (nonrechargeable) and secondary batteries (recharge-
able) work in exactly similar way. Electrochemical reactions developed between the
both electrodes (anode and cathode) and electrolyte to generate electricity. However,
for rechargeable batteries, the reaction is reversible. When external power is applied
to the secondary battery, the electron flow generated during the discharge is reversed
from negative to positive and the charge of the battery is restored. After nickel-
metal hydride (Ni-MH) and nickel-cadmium (Ni—Cd) batteries, the most common
rechargeable battery is Lithium-ion battery (LIB), which is available in market pres-
ently. The construction of a rechargeable battery is shown in Figure 10.1 [1].

Charge

Anode

Elecirokyte

FIGURE 10.1 Construction of rechargeable battery [1].
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10.2 NANOMATERIALS FOR RECHARGEABLE BATTERIES

The demand for energy materials is increasing at its fast pace; lots of new materi-
als are been explored in order to meet the demand of the market. Nanomaterials of
batteries in applications are gaining momentum day by day because of its versatile
properties; it is meeting the demands of smart power enhanced and efficient batter-
ies which can be used in electric vehicles, storage devices, plug in vehicles. In the
present context, the climate change has given new dimensions for the search of those
nanomaterials, which are environmentally friendly and can be easily recycled so that
the dependence on fossil fuels can be minimized and the pollution can be checked
at a large scale. Research on application about the nanomaterials in batteries was
done by the global nanomaterials in batteries and supercapacitor market and the
report predicted that the market size will grow for the period from 2021 to 2031. In
Table 10.1, it has been shown the different parameters needed for the commercial-
izations of nanomaterials in batteries. Moreover, the ongoing research in different
companies of the countries for the exploration of different nanomaterials, depending
on the various issues, are listed in Table 10.1.

The rechargeable batteries are becoming more and more important in our daily
lives with their powerful ability to effectively store electrical energy in chemical
form. Replacing traditional liquid electrolytes with polymer electrolytes (PEs) is con-
sidered to be one of the most feasible solutions for the development of higher energy
density and safer electrochemical energy storage systems, which are eagerly used in
electric vehicle applications. In recent years, to coordinate the advantages and to mod-
ify the material according to our needs using organic phase and the inorganic phase
electrolyte, the introduction of organic—inorganic hybrid nanomaterials in PE has
attracted more and more attention. Polyhedral oligomeric silsesquioxanes (POSSs)
are one of the most attractive latest technologically important hybrid nanostructured

TABLE 10.1
Different Companies of the Countries for the Exploration of Different
Nanomaterials Depending upon the Various Issues

Korea, Taiwan,

Technology Co. Ltd.;

HE3DA S.R. O

Forecast by region;

Brands of the Scope and Analysis based on Following
Countries Companies Segment Factors
United States, Ampirius Inc.; Company; Market overview;
Southern Asia, BAK Power; Region (Country); | Industry and applications;
Canada, France, Be-Dimensional; Type; Prospects of growth in revenue;
Germany, United Bodi Energy; Application; Competition in the market:
Kingdom, South Dongxu Optoelectronic | Revenue; Region wide consumptions and

production;

China, Japan, Brazil, | Nexeon; Participants; Upgradation in technologies;
Russia Ray Techniques Ltd.; Stakeholders Analysis of supply chains;
Skeleton Technologies Landscapes
Group OA;
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material having combined properties of organic—inorganic. In its structure, organic
functional groups are attached to the inorganic nano-sized cores. POSS is known
for its low density, adjustable surface properties, high thermal stability and good
mechanical strength with polymers in the form of nanocomposites, which can be
used as nano-filler in different systems. In recent years, the paradigm shift from solid
polymer electrolyte (SPE) to nanocomposite hybrid polymer electrolyte (NCHPE) in
rechargeable battery applications was highlighted mostly in many research reports.

The increases in conduction mechanism enhance the capacity of electrodes. The
reduction in diffusion length in lithium ion at nanoscale is one most important appli-
cation of nanotechnology in alkaline batteries. The thin films fabricated using the
nanomaterials increase the transport properties of the electronic conduction. It helps
in ion storage by increasing the surface area of the electrode materials. Mesoporous-
ordered structure generally favors the kinetic of electrode. It also helps in enhancing
the life cycle of batteries. The main area of research is to find those nanomaterials
which can be used in electrodes having a high surface area as it will increase the
energy density and capacity of the batteries; moreover, it will also increase the lifes-
pan and efficiency of the batteries. Safety and cost-effectiveness are also the primary
factors for the search of new nanomaterials.

The nano-batteries are also being manufactured using nanotechnology. These bat-
teries can be combined together to form macro battery with increased efficiency. The
nanomaterials can also be used as coating in order to separate the electrodes, thus
causing low self-discharge. Although nanomaterials have lots of advantages, there
are some shortcomings such as low density with large surface area which result in
high resistance exists, thus reducing the conductivity and stability of the battery.
Nevertheless, nanoparticles are also difficult to synthesize as a result the manufactur-
ing cost increases.

There are huge potentials of nanomaterials to be used in batteries, as it can be
used as a coating material for electrodes. With its use, the surface the charging
time will also get reduced. The of nanomaterials is used in different battery, viz.,
nickel-cadmium battery, nickel metal hydride battery, LIB, sealed lead-acid battery,
sodium-ion battery, etc. Nanomaterials and nanotechnology are the future of recent
batteries, although there are many challenges related to its efficiency and cost, still
the research studies are going to explore new materials for battery.

10.3 LEAD-ACID BATTERY

In 1859, Lead-acid batteries which are the oldest rechargeable batteries were invented
by French physicist Gaston Plante. These are one of the most common secondary
batteries used mostly for loading large cell potential. Lead-acid batteries are capable
to supply high value of current, which requires maintaining high power to weight
ratio by cells. Lead-acid batteries are low-cost batteries with high power to weight
ratio; therefore, they become a suitable candidate for their use in automobiles, golf
cars, forklifts and other vehicles, which require high currents. The hazards include
heavy mass, incompetence under low temperatures and incapability to maintain its
capacity for long intervals of time through disuse [2].
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FIGURE 10.2 Nanomaterials for rechargeable batteries.

Usually, lead-acid battery consists of lead oxide (PbO,) as cathode, lead (Pb) as
anode and aqueous solution of concentrated sulfuric acid (H,SO,) as electrolyte.
The chemistry behind lead-acid battery and its principal components are given in
Figure 10.2.

The standard reversible electrochemical reactions in a lead-acid battery are shown
as follows:

At cathode : PbO, +3H" + HSO,™ +2e~ = 2H,0 + PbSO, (10.1)
At anode : Pb+HSO,” = PbSO, +H" +2e” (10.2)
Opverall reaction: Pb+PbO, +2H,SO, = 2PbSO, +2H,0. (10.3)

It can be seen that after complete discharge, anode and cathode both are con-
verted into lead sulfate (PbSO,); also, water produces after losing most of the
dissolved H,SO, in electrolyte. When fully charged, the cathode and anode
are made of PbO, or Pb. The electrolyte converts back into concentrated H,SO,.
The majority of the electrochemical energy is stored in such a fully charged state.
Lead-acid batteries suffer with their low-energy density (~40 Wh/kg) [3] and
have 85% Coulombic efficiency and 70% energy efficiency. They have the lowest
storage capacity of any other rechargeable batteries and are typically large and
heavy. Therefore, lead-acid batteries are unable to store a large amount of energy
which can increase battery weight and practically limits their applicability in
electric vehicles. The different components of a lead-acid battery are shown in
Figure 10.3 [2].
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FIGURE 10.3 Chemistry and principal components of a lead-acid battery [2].

10.4 ALKALINE BATTERY

The alkaline electrolyte-based batteries were first developed in 1899 by Waldemar
Jungner. Lewis Urry developed a button alkaline cell in 1949 and put it in the market
by Ray-O-Vac Co, USA. In 1950, Lewis Urry invented zinc/manganese dioxide dry
alkaline battery with high specific energy and relatively low cost. In 1957, Marsal,
Larl and Urry filed a US patent (US2960558A) for the alkaline battery and granted
it in 1960 [4]. Zinc alkaline batteries had leakage problems and decreased self-life
in the late 1960s. To prevent the electrolytic action on impurity sites, a film of mer-
cury amalgam was used on a zinc electrode [5]. A French company in the 1970s
introduced a battery of better performance at a low cost with a new plastic-bonded
negative electrode and sintered positive electrodes.

In the late 1980s, inspired by the increasing demand for high volumetric energy,
Dr. Oshitani developed positive electrode foam technology which increased volu-
metric energy up to 30%. Mercury degrades the stability and purity of the electrode
so the minimum use of mercury was required [6]. In 2005, after a century after the
discovery of the Ni—Cd cell, Dr. Bernard et al. introduced a plastic-bonded positive
electrode which exhibit high electrochemical performance at a lower cost using sin-
tered electrode technologies. Modern alkaline batteries have manganese dioxide as a
positive electrode and zinc negative one. This battery is called alkaline battery only
because of an alkaline electrolyte used in it. Nickel-cobalt (Ni—Co) electrode materi-
als give high capacitance, high abundance and good cycle stability [7]. Furthermore,
nickel-based electrodes are redox active and good electrically conductive material
for energy storage applications [7]. Moreover, the comparative studies between dif-
ferent types of batteries and commercially available nickel battery sizes are demon-
strated in Tables 10.2 and 10.3, respectively.

10.4.1  ZiNnc MANGANESE DioXIDE (ZN—-MNQO,)

The zinc manganese dioxide (Zn—MnO,) batteries are suitable for industrial applica-
tions where moderate amounts of electricity are needed. These batteries are com-
monly used worldwide in digital cameras, toys, flashlights, radios, compact disc
players, etc. The low cost of material and high energy density application are other
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TABLE 10.2
Comparative Studies between Different Types of Batteries
Types of
Batteries Cathode Anode Electrolyte
Alkaline Manganese dioxide Zinc Aqueous alkaline
Lead acid Lead dioxide Lead Sulfuric acid
Nickel Nickel oxyhydroxide Cadmium, hydrogen Potassium
absorbing alloy hydroxide
Lithiumion Lithium nickel manganese cobalt oxide Carbon-based Lithium salt in an
(LiNiMnCo0,) typically graphite organic salt
Lithium nickel cobalt aluminum
(LiNiCoAlO,)
TABLE 10.3
Commercially Available Nickel Battery Sizes
Sizes D C AA AAA  SubC Nine Volts Button
Diameter in mm 342 26.2 14.5 10.5 222 26.5 Varies in Ni-MH
Length in mm 61.5 50 50.5 44.5 429 48.5 Variable size exists

advantages of Zn—MnO, battery, which enhance the scientists interest in commer-
cialization and engineering. In Zn—MnO, battery, the negative and positive electrodes
are Zn and MnQO,, respectively. In the discharging process of Zn—-MnO, battery, only
electrode materials (Zn & MnQO,) take part in the reaction, as seen in the reaction
below:

Zn+2MnO, = ZnO+ Mn,0; (10.4)

During the reaction, the alkaline electrolyte KOH remains in equal amount of OH-
based on the contents of zinc in the KOH electrolyte and purity of manganese diox-
ide used; the nominal voltage of Zn—-MnO, battery is 1.5 V; however, it varies from
1.50V to 1.65V. The Zn—-MnO, battery has varying voltages, 1.3V to 1.1V, which
depend on the current drawn and load level of discharge. After fully discharge, bat-
tery of 1V potential still remains.

Recently, Zhang et al. reported a high capacitive rechargeable Zn-MnO, bat-
tery system with a mild-acidic zinc triflate electrolyte. The aqueous zinc/manganese
triflate electrolyte formed the protective porous MnO, layer. In Figure 10.4a, Zn—
MnO, batteries delivered 10% capacity depth of discharge and lower cycle stabil-
ity. Recently, the rechargeability of Zn—MnO, battery has been improved by using
a mild zinc-based acidic electrolyte. Figure 10.4b shows the reversible extraction/
insertion of Zn?* ions in the layered structure. A significant improvement finds in
the cycling stability of zinc manganese dioxide battery employing Mn(CF;SO,), and
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FIGURE 10.4 Zn-MnO, battery chemistry. Schematic illustration of (a) the primary alka-
line Zn—MnO, battery using KOH electrolyte and (b) the rechargeable Zn—MnO, cell using
CF;S0;-based electrolyte. (c) Comparison of the cycling performance of Zn—-MnO, cells with
electrolytes of 45 wt% KOH (at 0.32C), 3M ZnSO,, 3M Zn(CF;S0,),, and 3M Zn(CF;SO0;),
with 0.1 M Mn(CF;S0,), additive at 0.65 C. nC equals the rate to charge/discharge the theo-
retical capacity (308 mA/hg) of MnO, in 1/n hours. (Reproduced from ref. [8] with permis-
sion from Springer Nature, © 2017.)

concentrated Zn(CF,;SO,), electrolyte which can be seen in Figure 10.4c. The cycle
stability was found to be 94% after 2000 cycle with a high reversible capacity of
225mA/h/g [8].

10.4.2 NickeL-BASED ALKALINE BATTERIES

With the growth of technology, the need for rechargeable batteries has increased
manifold; lots of research studies are taking place to improve their efficiency so that
they can be used in all types of electronic devices, vehicles, aeronautics industry, etc.
In the last few years, the market has been commercialized in terms of hybridization
topologies in order to increase the energy density and power density of the batter-
ies. However, the electric double-layer capacitors and lead-acid batteries have solved
many problems related to enhanced efficiency in terms of power and energy, longer
life span, thermal stability. Still, the biggest challenge lies in the increased price as
it is not cost-effective. In this context, nickel plays a significant role as it gives high
energy density and better storage capacity at a very lower cost as compared with
other batteries.

The nickel metal is the fifth most commonly found naturally occurring element
on the earth surface. It has a silvery white shining appearance; it easily forms alloys
because of its chemical properties. It has good catalytic and magnetic properties and
can be easily recycled. From the mid-90s, its use is much more commercialized in
battery technology and has a good market share. The most commonly used batter-
ies like nickel cobalt aluminum use 80% nickel, whereas nickel manganese cobalt
uses 33% nickel [9]. Most of the LIBs also rely on nickel. The nickel batteries are
generally rechargeable and used in portable electronic devices, hybrid vehicles and
stationary storage mechanisms. The main features include a discharge curve which
is flat; it has a wide range of temperature operations. It is environmentally friendly
as it can be easily recycled. Overall, it has a robust mechanism that is physically and
chemically tolerant toward charging and discharging.
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The nickel, along with manganese or aluminum, is used in LIBs to increase its
longevity as well as proper capabilities. Also, nickel (tabs) strips are being made
from ferromagnetic nickel alloy 201, which is highly conducting and noncorrosive in
nature. Moreover, its resistance is also very low, making it viable to use as it is safe,
heat resistant and there is no waste of energy. The nickel foam is used as it is porous
with 75% to 95% void spaces, making it the perfect material to be used as a current
collector due to its low density.

The nickel batteries consist of a cathode, anode and separator. The separator
should be porous enough for the chemical reactions to take place. These three ele-
ments are mainly wound in Swiss roll or jelly roll type structure. At the top of this,
the structure is a metal tab that connects the anode to a sealing plate, which seals the
corrosive electrode and acts as a self-sealing vent that allows gases to escape if there
is overcharging of the battery [10]. There are different types of nickel-based alkaline
batteries, viz., nickel-iron (Ni—Fe) battery, nickel-zinc (Ni—Zn) battery, nickel-cad-
mium (Ni—Cd) battery and nickel-cadmium (Ni—Cd) battery. We have discussed in
detail about these batteries in the following subsection.

10.4.2.1 Nickel-lron (Ni-Fe) Batteries

Nickel-iron (Ni—Fe) batteries are rechargeable batteries and are much commercial-
ized because they are much cheaper. It was the first commercialized nickel battery.
The glory that adds to this battery is its long life and environmentally friendly.
Nickel and iron as raw material are the most abundant material found on earth, which
makes them cheaper [11]. It uses Fe as anode and Ni as cathode with KOH as an
electrolyte. This is more resilient toward charging and discharging and maintaining
its thermal stability and internal resistance [12]. Moreover, the energy density of
nickel-iron batteries is in the range of 20-50 Wh/Kg, power density 65-90 W/Kg
and cycle life 2000-5000 cycles. They have an excellent life cycle and are mainly
used in locomotive applications, with the recent development of sintered electrodes
where the nickel oxide cathode finds its applications in electric vehicles [13]. The
main advantages of Ni—Fe battery are good resistance against vibrations. The operat-
ing life is long; hence, it is very much durable. It has good response toward charging
and discharging of the battery. However, it is being observed that at low temperature
its performance is very poor. Another setback is the rate of discharging as it is very
high, nearly 40% every month. The specific energy is also very low, approximately
50 Wh/kg, which makes it less viable to get commercialized.

10.4.2.2 Nickel-Zinc (Ni-Zn) Battery

It is one of the rechargeable batteries which have good performance in high drain
applications. As nickel and zinc are naturally occurring materials on the earth crusts,
hence it is less expensive. The use of zinc electrodes has made it commercially com-
petitive with other batteries existing in the market. This cell has got a voltage of
1.85V in an open circuit when fully charged. A Ni—Zn battery has a similar curve
in charging and discharging with a higher voltage (~1.7V) as compared to Ni—Cd
and Ni-MH batteries. It has got low internal resistance and high power density with
excellent performance at low temperatures. Ni—Zn batteries use no toxic elements
like Ni—Cd; hence, it is not a threat to our environment and can be easily recycled.



236 Applications of Nanomaterials for Energy Storage Devices

Goskat
want Disc

alivas Terminal
Wiin Budt-ln Gas Belecse Vend

salety Wenl Valwe

nuslation Woshar ——
Hegatve Colector —

e

Bathany Con
Do Posithae Terming
Seponabor
rc oL

Fotya lare —
Positive Bectode

Hagalve Becirods

Pasifive Calecior

FIGURE 10.5 Internal structure of power Genix Ni—Zn Battery. (Reproduced from [15]
with permission from IOP Publishing, © 2009.)

It is also inflammable as it uses on active materials, so it is safe to use [14,15].
Figure 10.5 demonstrates the internal structure of power Genix Ni—Zn battery [15].

In Ni—Zn batteries, nickel is also used as a positive electrode and zinc as a nega-
tive electrode. The chemical reaction at positive and negative electrodes is given in
Equations (10.5) and (10.6), respectively.

2NiOOH + 2H,0 + 2¢~ — 2Ni(OH), + 20H" (10.5)

Zn+2 OH™ — Zn+H,0+2e” (10.6)

Ni—Zn batteries are used for portable power, small-scale applications at high dis-
charge rates. Ni—-Zn batteries are relatively lower in cost than Li—ion batteries and
can replace both Ni-Cd and Ni-MH batteries in most of the applications [6]. Ni-Zn
batteries have high efficiency, high specific power and low cost. Both Ni and Zn can
easily maintain their physical and chemical properties during cycling, and hence
less effect on the environment. However, Zn is a self-corrosive material and soluble
in KOH so Ni—Zn batteries show low discharge after a few cycles [16,17]. Although
this battery was there for many years, the major challenges faced were the distribu-
tion of active materials on the electrode and the formation of dendrites during the
charging and discharging process. Figure 10.6 shows the formation of dendrites in
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FIGURE 10.6 Formation of dendrites in Zn [18]. (Reproduced with permission from Nature,
© 2016.)

TABLE 10.4
Features of Ni-Zn Battery

Energy Density Power Density Cycles Life
(Wh/Kg) (W/Kg) Cycles Anode Cathode Electrolyte

60-70 100-200 200-300  Nickel hydroxide Zinc Potassium hydroxide

Zn electrodes [18]. Table 10.4 demonstrates the important electrochemical properties
of Ni—Zn battery.

The zinc electrode technology was based mainly on these principles, i.e., the
requirement of good conductivity for the whole mass independent of the state of
charge, a high level of porosity to be maintained at the anode of the cell, and treat-
ment of soluble zincates were formed during the charging process. Moreover, to
maintain the above principal and to other rectify the above-mentioned issues, a
three-dimensional structure was made to support and collect current to reduce resis-
tance and improve the electrical connections. The coating of a separator also helps
in inhibiting the dendrite formations. Also, the copper foam was used to increase
the porosity of the material at the zinc electrode, a composition of zinc oxide was
mixed with additives like zinc alloys, conductive polymers having high adsorption
capacity for zincates in order to trap zincates from the surface constituting a more
conducting network and preventing dendrites formations. The use of calcium oxide
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as an additive helps in forming calcium zincates, which are less soluble than normal
zinc hydroxides. Pasted powder technology or the pressed powder method is used
to fabricate zinc electrode, with a substrate material like foil, foam mainly made of
copper. This substrate maintains stability when the cathode undergoes polarization.
This method also helps in changing electrode shape.

The advantages of Ni—Zn battery are good cycle life in terms of charging and dis-
charging, high capability rate of nearly 25C, very fast recharging, and cheaper than
benign materials, which can be cycled to 100%, nontoxic, inflammable and safe to
use as it is environmentally friendly in nature. However, the shortcomings of Ni—Zn
batteries include heavy and bulky structure, low-energy density, discharge rate is
very high and formation of dendrites which reduces final efficiency.

Ni—Zn batteries are used in consumer batteries and power tools. It is an excellent
substitution for Ni—Cd, lithium-ion and Ni-MH batteries in terms of energy density,
toxicity and price. Ni—Zn batteries can be used in hybrid electric vehicle (HEV) which
provides similar power density and energy density to drive HEV vehicles at half the
price of lithium ion. Ni—Zn batteries are used in micro hybrid (start/stop vehicles). In
microhybrid vehicles, when the vehicles stop, then the engine shuts down, resulting
in more consumption of fuel. A Ni—Zn battery has high power, half weight and more
charge acceptance as compared to lead-acid battery at a competitive cost. The Ni-Zn
battery at the utility scale meets the requirement of high power in terms of regulated
frequency and provides an effective backup power system. Military requires a high
level of sophisticated power supply which would be safe and powerful for use. In this
regard Ni—-Zn battery fulfills the entire criterion. Hence, Ni—Zn provides an excel-
lent balance of power and energy density in order to meet the potential requirement
of applications in various devices and vehicles in terms of safety, cycle stability and
cost-effectiveness.

10.4.2.3 Nickel-Cadmium Battery

It is a rechargeable battery which can be recharged many times, and it maintains
constant potential when discharged. It gives hassle-free service and finds applica-
tions in digital cameras, calculators, photoflash equipment, recorders, etc. Ni—-Cd
cell is available in all shapes and sizes ranging from AAA to D with a potential
difference between 1.25V and 1.35V [19]. The potential of the Ni—Cd battery is
1.2V, which is lower than the alkaline zinc-carbon cell (1.5V), so the Ni-Cd bat-
tery cannot replace in all applications. However, many electronic appliances work at
low voltages (0.90V to 1.0V per cell); the relatively steady 1.2V of a Ni—Cd cell is
enough to allow operation [20]. The battery is used safely in the temperature range
from —20°C to 45°C. During charging, the battery temperature is around the same as
the ambient temperature, but as the battery gets fully charged, the temperature will
rise to 45°C-50°C. These batteries are capable of rapidly recharging to hundreds
of instances and are tolerant including overcharging. However, compared to other
batteries and even lead-acid batteries, nickel-cadmium batteries have limited power
density and are also heavy in weight. They perform better if fully discharged every
cycle before recharge. In any other case, cells may also exhibit a memory effect.
Alkaline batteries show some application in backup power systems where low-
temperature conditions, very high currents and high reliability are unique elements.
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Large nickel-cadmium batteries are used to start aircraft engines and in emergency
power structures. In addition, they are used in conjunction with solar-powered con-
temporary supplies to provide electrical power at night. Although they have some
good characteristics, it has some drawbacks that nickel and cadmium both are toxic
heavy metals that may cause health risk. Ni-Cd battery could not get commercial
success because of its high cost (about USD 1000 kWh) which is ten times higher
than lead-acid batteries.

Nickel-cadmium (Ni—Cd) structures are the most common small rechargeable
battery for portable gadgets. Sealed cells are equipped with “jelly roll” electrodes,
which deliver the high current. The Ni-Cd battery contains a cadmium negative elec-
trode, a nickel (III) oxide-hydroxide positive plate and potassium hydroxide as an
alkaline electrolyte. The chemical reactions during charging, discharging and overall
are given in Equations (10.7)—(10.9), respectively.

2NiOOH + 2H,0 +2e” — 2Ni(OH), + 20H" (10.7)
Cd+OH™ — 2Cd(OH), +2e” (10.8)
2NiOOH + Cd+2H,0 — 2Ni(OH), + Cd(OH), (10.9)

When the battery is discharged, then the cathode contains nickel hydroxide and the
anode has cadmium hydroxide, whereas when the battery is charged, then reverse
action takes place at anode, cadmium hydroxide changes into cadmium and at cath-
ode nickel hydroxide changes into nickel. The electrolyte used is alkaline potassium
hydroxide and a separator is also used.

This battery has metal cases with a safety valve; the anode and cathode isolated
by the separator are rolled in the form of a jelly roll design or in a spiral shape. This
design helps the battery to deliver maximum current comparable to an alkaline bat-
tery. Traditionally, Ni—Cd batteries were available in sealed types, where the release
of gas occurs when it is overcharged. Vented cells have a low-pressure valve that gen-
erates oxygen and hydrogen when it undergoes a cycle of charging and discharging.
This structure makes the battery safer, lighter and economical for use. Vented Ni—Cd
batteries can operate for a wide range of temperature and has long life.

Ni—Cd batteries have a number of advantages as compared to other batteries avail-
able in market. It works extremely well in every robust condition and has long-term
storage when fully discharged. As compared to other lead-acid batteries, Ni—Cd bat-
tery has got a high energy density and longer life in terms of charging and discharg-
ing. When compared to alkaline batteries, it has reversible chemical reactions which
make them reusable and long-lasting. When compared to Ni-MH and lithium-ion
batteries, this battery is much cheaper and has a lower self-discharge rate. Hence, it
can be seen that Ni—Cd is a good choice for applications in photography and other
portable devices as it has good specific energy and pulse power performance, and at
the same time, it is relatively inexpensive as compared with other batteries

However, the disadvantages of Ni—Cd battery include as it is much costlier than
lead-acid battery because cadmium and nickel cost more. The biggest threat is envi-
ronmental hazards as cadmium is very toxic in nature. Under the battery directives,
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TABLE 10.5

Characteristics of Ni-Cd Battery

Energy Specific Specific Cycle Self- Charge/
Density Energy Power Durability Discharge Nominal Discharge
(Wh/L) (Wh/Kg) (W/Kg) Cycles Rate Voltage Efficiency
50-150 40-60 150 2000 10% month 1.2V 70%-90%

this battery has been banned in many countries. Recycling of this battery is also
the biggest problem. It has the problem of thermal runaway in which the current
keeps on rising until the battery destroys itself. It also exhibits a negative temperature
resistance in which the internal resistance decreases as the temperature increases.
Memory effect is another issue related to its charging; in this effect, it is seen that the
battery retains the characteristics of previous charging and gives the false impression
of charging. In Table 10.5, the range of various parameters of Ni—Cd battery has been
shown. It has been observed that the range of cyclic durability is nearly 2000 cycles
and charge/discharge efficiency is nearly 70% to 90%.

10.4.2.4 Nickel-Metal Hydride (N-MH) Battery

It’s always a good choice to use rechargeable battery packs containing lithium ions
cells as it gives excellent high energy density, storage and high voltage, for many
applications such as mobiles, bio-medical instruments, electric hybrid vehicles, etc.
Customized nickel-metal hydride is a very good substitute, as it is cost-effective in
manufacturing and has no potential hazards linked with lithium products. The tech-
nology of Ni-MH batteries is not new as it was available in the early 70s, but when
compared with Ni-Cd and lead-acid batteries, it is environmentally friendly and has
excellent cycle life, with good safety and reliability performance. Moreover, it does
not require the complexity of battery management technology like lithium batteries,
still satisfying the customer need as lithium pack [21, 22].

Ni-MH has a positive electrode of nickel hydroxide and a negative electrode is
interstitial hydrogen in the form of a metal hydride; the electrolyte used here is alka-
line potassium hydroxide. In Ni-MH, the “M” represents intermetallic compound
as a negative electrode; this “M” is of the formula ABs, where “A” is a rare earth
element (mainly used are cerium, lanthanum, neodymium, praseodymium), whereas
“B” side comprises of cobalt, nickel, aluminum or manganese. In some cells, the
negative electrode “M” has the formula AB,; here, A is generally vanadium or tita-
nium, whereas B is either zirconium or nickel.

Nickel-metal hydride (Ni-MH) batteries are replacing nickel-cadmium batteries
in many applications because of the absence of toxic cadmium and have two—three
times higher capacity than Ni-—Cd battery per unit volume. The chemical reaction on
the positive electrode is similar to Ni—Cd battery, whereas at the negative electrode,
hydrogen absorbing alloy is used instead of Cd. The charging and discharging volt-
age of Ni-MH battery is 1.6 V and 1.25'V, respectively.

Ni—-MH has higher self-discharge, lower efficiency and costly as compared with
lead-acid and nickel-cadmium batteries. The cost rises mainly over the constraints
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TABLE 10.6
Comparison of Ni-MH with Li-ion Battery

Cell  Specific Specific a.Energy  Power

Cell Voltage  Energy Power Density Density

Type V) (Wh/Kg)  (W/Kg) (kWh/m?)  (MW/m®) Efficiency  Cost Size

Li-Ion 3.6 3-100 100-1000 80-200 0.4-2 99 Costly  Small and
lighter

Ni-MH 1.2 1-80 <200 70-100 1.5-4 81 Less

costly

on the manufacturing process and safe disposal because of the concerns on cadmium
toxicity. It has been labeled “Eco friendly”. It has a profitable margin when recycling
is done. Lithium ion has the major problem of “Thermal Runaway”; this battery has
a better design for this, but as compared to Ni—Cd, it is not that effective in solving
the problem of thermal runaway. The chemistry of Ni-MH and Ni—Cd is moreover
the same because of the same design; Ni-MH has a capacity of 30% more than
Ni—Cd batteries but less in memory. As compared to others, this requires high main-
tenance as crystalline formation takes place if a full discharge is not done regularly.
In Table 10.6, a comparative study of Ni-MH versus Li—ion battery has been given.
Li—ion battery is more efficient and lighter than Ni-MH, but it is costlier. The com-
parative study of Ni-MH and alkaline battery has been shown in Table 10.7; it has
been shown that the performance of Ni-MH is much better than alkaline batteries.

It is very convenient to store and its transportation is easy because it is not gov-
erned by any regulatory controls. However, it should be stored in a cool place as
performance gets degraded at high temperatures. When compared with a primary
battery, it has greater advantage as it can work at extreme low temperatures of about
—20°C. It operates well over a wide range of temperatures, i.e., 0° to 50° and life
expectancy is also more. It can be recharged as many times as possible and shows
efficiency even at a high rate of self-discharge. It has 50% of self-discharge when
compared to Ni—Cd batteries. It has a critical trickle charge and generates heat while
charging; it also takes longer time to get charged as compared to Ni—Cd batteries.
Ni—MH has 50% less final battery pack production price than a lithium battery, and
it is less than 75% of a lithium battery in terms of the development of the product.

The chemical reactions at negative and positive electrodes are given in Equations
(10.10) and (10.11), respectively.

H,0+M+e” = OH™ + MH (10.10)

Ni(OH), + OH™ = NiO(OH) + H,0 + ¢~ (10.11D)

Ni—MH battery has a higher self-discharge rate as compared to Ni—Cd battery, which
varies greatly with temperature, i.e., is 5%—20% on the first day and stabilizes around

0.5%—-4% per day at room temperature. The cylindrical structure of Ni-MH battery is
shown in Figure 10.7 with a cap positive electrode, negative electrode and separator [21].
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FIGURE 10.7 Nickel-cadmium batteries [21].

In order to have a hassle-free use of Ni-MH battery in terms of its maintenance
and performance, basic knowledge of charging is very important as overcharging
may damage the battery, which will result in loss of its capacity. Overcharging results
in the formations of small crystals on the electrodes thus inhibiting the charging pro-
cess. It is observed that the charging of Ni-MH is more complicated as compared to
Ni—Cd battery. Designing of a charger is very important as in Ni—Cd a distinct bump
is seen in output voltage when it is fully charged, but in Ni-MH, this bump is very
small and difficult to detect. The charging efficiency of all forms of nickel-based bat-
teries is about 70% of the full charge; initially, the temperature rise is less, but as the
charge level increases, the efficiency level drops, thus raising the temperature of the
battery [23,24]. Figure 10.8 shows the internal structure of the Ni-MH battery with
a special reference to the separator and electrodes [23].

There are various methods for the charger to have constant current like timer
charging by using an electronic timer which will help from getting overcharged; ther-
mal detection from getting overheated; and negative delta voltage detection to detect
the drop in voltage; compared to all, the step differential method is preferably used
in advanced Ni-MH chargers in which initially fast charging of 1C is done followed
by a cooling period, later the charge cycle is completed. In this process, the charger
further applies reductions in current as the charging progresses.

Nickel-metal hydride (Ni-MH) batteries generally have self-discharge of 1%
per day when they are used in a low-energy consummation mode or in a stand-by
device, which affects their memory. Manufacturers are using BMS technology which
is cost-effective in order to develop a system, which will trickle charges to reduce
the negative effects of overcharging and to attain its maximum capacity. Mostly,
a smart charger is used with a moderate rate of charging up to 2hours to 3 hours.
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FIGURE 10.8 Structure of cylindrical Ni-MH battery [23]. (Reproduced from ref. [23] with
permission from Elsevier, © 2001.)

The gases which are emitted due to overcharging are hydrogen and oxygen, so the
battery enclosures of Ni-MH should be airtight and properly vented. Moreover, iso-
lating the battery from the components which generate heat will also reduce the ther-
mal stress. Figure 10.9 shows the charging and discharging of the battery in terms of
the chemical reactions that take place inside the battery [25].

10.4.3 Nicker-HyDprROGEN (Ni1-H,) BATTERY

The nickel-hydrogen (Ni—H,) battery was first patented in 1971 by Alexander et al. in
US [26]. Ni-H, battery is a rechargeable power source based on nickel and hydrogen;
here, hydrogen is used as fuel with conventional nickel electrode. Ni—-H, is used in
over 800 satellites with good reliability. The overall reaction of the cell is given in
Equation (10.12).

2NiOOH + H, = 2Ni(OH), (10.12)

It can be observed by the reaction that nickel hydroxide is formed at the positive elec-
trode and hydrogen is produced at the negative electrode. Ni—H, battery can handle up
to ~20,000 charge cycles with 85% efficiency. Ni-H, battery using KOH as an elec-
trolyte performed an energy density of 75 Wh/kg and a specific power of 220 W/Kg.
Ni—H, battery has a discharge voltage of 1.25V. In the recent few years, nickel-metal
hydride batteries have been used in several commercial hybrid vehicles such as Toyota
Prius and Honda Insight. Nickel electrode-based batteries are compared in Table 10.8.
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FIGURE 10.9 The charging—discharging process of the hydrogen atom dissociates from
Ni(OH), and is absorbed by the MH alloy and the hydrogen atom dissociates from the MH
alloy and joins with NiOH to form Ni(OH), [25]. (Reproduced from ref. [25] with permission
from Elsevier, © 2001.)

TABLE 10.8
Nickel-based Batteries Comparative Parameter

Cell Specific Energy Specific Energy Cycle
Battery Voltage (V) (Wh/kg) Power (W/kg)  Efficiency (%) Life
Nickel-Cadmium 1.2 50-60 200 70-75 >1500
Nickel-Iron 1.2 30-60 100 60-70 1500
Nickel-Metal Hydride 1.2 60-70 170-1000 70-80 >1000

Nickel-Zinc 1.2 80-100 170-1000 70-80 <500
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10.4.4 ADVANTAGES OF ALKALINE BATTERY

The performance of an alkaline battery is good at low and ambient temperatures. These
have a high energy density, a fairly long self-life, low internal resistance, better dimen-
sional stability and very less leakage problem. Alkaline batteries perform equally
well in both intermittent and continuous use. These are also well-performing high
and low rates of discharge. An alkaline battery has a fairly long self-life. Moreover,
alkaline batteries have drawbacks. Alkaline batteries are bulky as compared to lead-
acid battery. Alkaline batteries have high internal resistance which reduces the output
power. Alkaline batteries have different types of leakage from other batteries or cells;
they can leak if left in the appliance for too long, and this corrosive leak can damage
a device. However, with these disadvantages in mind, alkaline batteries are still an
excellent choice for many uses, including developing a battery pack.

10.5 SODIUM-ION BATTERIES

The commercialization of different types of batteries in the market has given the
option to search for new materials for electrode, which will fulfill all the criterion
prerequisites for high efficiency of the batteries. In this context, sodium-ion batter-
ies have received great attention due to its versatile features like better safety, good
power delivery and it can be used for many purposes. The main advantage of this
battery is a huge natural resource of sodium being available. The principle on which
LIBs and sodium-ion battery works is almost the same; instead of Li*ion, Na*ion is
used for charging and discharging process through intercalation and deintercalation
mechanism. The lower tap density, lower cost, elevated operating potentials and
high capacities have attracted lot of attention for cathode-based sodium transition-
metal oxides. This battery uses electrolytes that are aqueous as well as nonaque-
ous like dimethyl carbonate, diethyl carbonate, propylene carbonate, etc. It can be
used for electric vehicles and other power tools if the energy density is increased
[27]. Figure 10.10 shows the use of electrolytes and binders for sodium-ion battery;
in the figure, the layered oxide is seen at the cathode and metal oxides at anode.
Table 10.9 shows the comparative study of sodium-ion battery with lead-acid bat-
tery and LIB. In terms of efficiency, sodium-ion battery is much more efficient as
compared to the other two.

The cathode of sodium ion stores charges through the reaction mechanism.
The advantages of sodium-ion battery over other batteries are their low costs and
corrosion-free reactions. It is durable, and it does not get damaged if it is charged for
a long time. It has got excellent power delivery with less energy density. From perfor-
mance wise, it is not applicable to portable electric vehicles and electronic devices.
As it is three times heavier than lithium, hence it is not lighter and when used with
organic solvents; it is not at all safe as it may cause fire. Figure 10.11 shows the work-
ing potential versus a specific capacity of the various materials at anode and cathode.
The use of various electrolytes and binders has also been shown in the diagram for
sodium-ion battery.

The two-dimensional layer of transition-metal oxides is based on the stack-
ing sequence of metal oxide between the layers. The arrangement is made by
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FIGURE 10.10 Cross section of sodium-ion battery [27]. (Reproduced with permission
from Royal Society of Chemistry, © 2017.)

TABLE 10.9
Comparison of Sodium-ion Battery with Lead Acid Battery and Lithium-ion
Battery

Battery Types Lead Acid Lithium-ion Sodium-ion
Volumetric energy 80-90 200-683 250-375
density (Wh/L)
Gravimetric energy 35-40 120-260 75-150
density (Wh/Kg)
Cyclic stability Moderate High High
Efficiency 70%-90% 85%-95% Up to 92%
Range of temperature -20°C-60°C 15°C-35°C -20°C-60°C
Availability of resources Availability limited Not easily Available in
available scarce abundance
Safety Moderate as it is Low It is very
toxic safe to use
Price Economical Costly Economical

sandwiching sodium ion layers between octahedral or prismatic structures. Based on
the phase transition of the O, type and P, type, there is a structure variation, and at
low temperature, the synthesis of these compounds takes place, breaking the M—O
bonds through thermal analysis. There are lots of possibilities for upgrading the elec-
trodes utilizing the sodiated anode material along with transition-metal oxides. In
this, the two- or three-dimensional layer also uses fluorides for better efficiency of
the electrodes. Polyanion materials have shown considerable thermal stability due
to the covalent bonds in the deeply charged oxide state. For Sodium-ion batteries
(SIBs), depending upon insertion reaction, Ti-based oxides as well as carbonaceous
oxides are being used as anode material. Carbon materials, especially hard carbons,
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FIGURE 10.11 Working potential for Na-ion battery [27]. (Reproduced with permission
from Royal Society of Chemistry, © 2017.)

are widely used because they have the potential to accommodate the sodium ions in
its structure. They have a low operating potential. Companies of different countries
depend a lot on many parameters such as types of electrodes used, with different
manufacturing techniques. In Table 10.10, a comparative study has been made based
on the companies of different countries.

The sodium-ion batteries have received lots of attention due to their abundance
availability; SIB cathode material consists of metal oxide, metal sulfides, compounds
of oxoanionic, polymers, Prussian blue analogue, etc. Lots of research are still in
progress in order to make this battery more commercialized. Tables 10.11 and 10.12
summarize the advancements in anode and cathode material for sodium-ion batter-
ies, respectively.

10.6 MG-ION BATTERY (MIB)

For the next-generation electrochemical power sources, large-scale portable and sta-
tionary electrical device applications, in addition to the LIB, the secondary MIB
is one of the most hopeful alternative solutions. The MIBs have safer, richer abun-
dances than LIBs. The magnesium metal has diverse characteristics with high natu-
ral abundance (approximately 10* times that of lithium, which helps to reduce the
cost of electrode material). It is further incorporated into low-cost energy storage
devices. The magnesium metal is more environmentally stable in nature, excellent
thermodynamic properties, high volumetric capacity (3833 mA/h/cm?), dendrite-
free deposition, higher melting point than lithium, low reduction potential up to —2.4
vs. SHE, high Columbic efficiency, etc. [45,46]. Such remarkable inherent charac-
teristics of Mg metal prove that the Mg metal is an ideal and promising electrode
for MIBs. In addition, compared to nickel-cadmium and lead-acid batteries, MIBs
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TABLE 10.10
Comparative Studies between Different Types of Batteries

Company
Name Country Electrode Characteristics Uses
Faradion United Cathodes—oxides Carbothermal reduction It is used in
limited Kingdom Anode—carbon and method of synthesis is E-bike and
2011 liquid electrolyte used for electrode of E-Scooter
Na;M,(PO,), F;
Tiamat France 2017 Polyanionic Cylindrical cells Mainly used in
power market
Hi-Na battery  China 2017 Cathodes of Energy density of Used as a power
technology Na-Fe-Mn— 120 Wh/Kg bank
Co. Ltd. Cu-based oxide
Anode is of carbon
Natron Stanford Prussian blue — —
University, electrode with an
United States aqueous electrolyte
Altris AB Uppsala Iron-based Prussian Low-energy process Stationary
University, and carbon as an energy storage
Sweden 2017 electrode
CATL Co. China 2021 Porous carbon as Specific energy density  Electric vehicles
Ltd. cathode and 160 Wh/Kg. Sodium and stationary
Prussian blue as ion has more volume storage battery
anode and stable with
structure

provide a significantly higher energy density. Also, in contrast to lead and cadmium,
magnesium and lithium are less expensive and environmentally friendly in nature.
The use of Mg metal as electrode material in MIBs reduces the final cost of battery
and results in a more stable alternating power source than LIBs.

Nevertheless, the development of the magnesium-ion battery technology is not
as fast as LIBs. This is because there are certain challenges among the develop-
ment of magnesium-based cathode material for batteries. This includes high revers-
ible capacity, high operating voltage, and nonavailability of appropriate electrolyte,
which can allow the reversible release of Mg?* ions from a Mg metal anode [47-50].
The sluggish nature of Mg?* ions in solid electrolytes makes large voltage hysteresis
and low magnetization degrees for most of the material [50]. Most of the electrolyte
used in MIBs allows the development of passivating surface films, which impede the
electrochemical performance during the charging—discharging process [46,51,52].
Another important problem associated with MIBs is the unavailability of a suitable
electrolyte. The electrolyte which can neither accept nor donate proton can be the
most suitable electrolyte for MIBs [46]. The second most significant difficulty in the
development of MIBs is the limited choice of cathode material by the inability to
intercalate Mg ions in many hosts [48]. To enlighten the structures and chemistries of
the materials developed for magnesium-ion cathodes, in this section, we discuss the
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summary of the recent progress of cathode material and electrolyte for MIBs with
special emphasis on strategies for future research initiatives. To solve these issues,
in recent years, several strategies have been reported in literature; this includes the
use of mesoporous and high specific surface area nanostructured material with high
divalent ion mobility as cathode for MIBs [53,54]. The cathode fabricated from such
material decreases the diffusion length for Mg ion into the cathode during the charg-
ing—discharging process [55-57].

10.6.1 CATHODE MATERIAL FOR MIBs

Till date, Chevrel phase oxides, chalcogenides, carbon-based nanomaterials and poly-
anions have been investigated as a potential cathode material for MIBs. The mostly
used cathode material for MIBs includes the Chevrel phase molybdenum sulfide
(MogSy) [58] molybdenum disulfide (MoS,) [59], orthorhombic molybdenum oxide
MoO; [60,61], vanadium bronze (V;0y) [62], vanadium pentoxide (V,Os) [63], mag-
nesiated vanadium pentoxide (Mg, V,0s) [64], nickel hexacyanoferrate (NiFe(CN))
[65], copper hexacyanoferrate (CuFe(CN)y) [66], and various manganese-based
oxides such as hollandite MnO; [67], todorokite MnO; [68], birnessiteMnO; [67],
Mg MnOjq [69], manganese silicate (Mg, (sMn,, 4;S10,) [70], iron silicate (MgFeSiO,)
[71], cobalt silicate(MgCoSiO,) [72], etc.

Considering the sluggish nature and unsatisfactory cycling life of cathode material
used in MIBs, recently, various strategies and structural modifications, viz., meso-
porous, hierarchical two- and three-dimensional materials as cathode for MIBs have
been implemented. Chevrel-phase MogS; is one of the important materials which
is facilitated by the high mobility and fast interfacial charge transfer. Nowadays,
Mo,S; has gained considerable attention toward the application of cathode material
at room in MIBs. MoSq has superb intercalation kinetics and best reversibility. Also,
at potential 1.2V, the initial capacity for Mo4Sy is reported in literature to be up to
120 mA/hg [73,74]. To study the effect of leaching chemistry on the performance
of MoyS¢-based cathodes of MIBs, Lancy et al. have reported interesting results: as
they accommodate two Mg atoms per formula unit when Cu,Mo,S leached in I,/
AN (acetonitrile) or in HCI/H,O. Also, the capacity fading of the MIBs is reported
because of the inability to extract Mg ions during charging at room temperature.
The Cu,Mo4S cathode in MIBs resulted in a specific capacitance of 90—-100 mA/hg
with excellent stability over large numbers of charge—discharge cycles [75]. Further,
Choi et al. modify MoyS; by Cu metal and reported the increase in rate capability
discharge of (99.1 mA/hg) than pristine with (85.6 mA/hg) at 1.0V vs. Mg/Mg?*.
Moreover, in this study, the in-situ formation of Cu,MogSy is studied further. Also,
the electrochemical insertion of Cu from Cu nanoparticle/graphene composite to the
Mo,S; host and the schematic of Mg?* insertion and extraction during the replace-
ment reaction of Cu in the Mo,Sg is demonstrated in Figure 10.12 [76].

Wau et al. demonstrated the use of Lattice engineering to settle the issue of slug-
gish kinetics, which is one of the important reasons for dissatisfactory Mg-storage
capabilities in two-dimensional layered materials. For this study, using heteroge-
neous monolayers of MoS, and graphene, they have fabricated the van der Waals’
heterostructures. Further, they reported that the Mg-diffusion barrier was reduced



Rechargeable Batteries with Nanotechnology 253

i ™
aj
i o Mgt s TR
a bl P J '-;
H. "'. Li .-. i}: m-'}ﬂ'ﬂ-‘ H."
-h'.h.n-n-l Jlf IIIﬂ.lilu:lj-.:.l--h- - .-"llr ﬁ\"‘\-\.:- %
-\.lr'. --rH (LR CERLER | Vg =
Muos, & Cu? e Cp Mo S, [Fn cifw electrachembenl farmation

Cu Ao S+ 2¥lp™ 4 de — Mg, MogS, « Co® {Elecirechemicnl reaction)

)
o Al

>-0-&

he A

FIGURE 10.12 Schematics of (a) Cu replacement reaction in the Mo,Sg and (b) the pro-
posed solid-state Cu replacement reaction structure during Mg?* insertion and extraction.
(Reproduced with permission with ACS, publication [76]. (Reproduced with permission from
ACS Publication, © 2017.)

by 0.4 eV, and in consequence, the diffusion rate enhances 11 times higher than the
diffusion rate of original MoS,. As a result of the assisted diffusion kinetics, the
Mg-storage capacity for MoS,/GR and its rate performance are reported to be 210
mA/hg and 90 mA/hg at 500 mA/g, respectively [77]. To enhance the electrochemi-
cal performance and enhances the Mg-ion kineticsm, Liu et al. synthesized and
studied the MoS,/graphene hybrid material as cathode for MIBs. The facile lithium-
assisted sonication method was used for the synthesis of cathode material. In this
study, graphene is inserted in MoS,, this influences the Mg?*-ion insertion—dein-
sertion in the host MoS,/graphene hybrid cathode, as a result, the electrochemical
behavior of MoS,/graphene hybrid cathode in MIBs enhances. The initial capac-
ity and cyclability after 50 cycles for MoS,/graphene cathode are reported to be
115.9 mA/hg and 82.5 mA/hg, respectively. Furthermore, the cyclic voltammetry
curves at various scan rates, typical GCD profiles at various current densities and
electrochemical impedance spectra of different MoS,/graphene-15 composites are
demonstrated in Figure 10.13 [78]. The reported MoS,/graphene-15 hybrid fascicled
MIBs demonstrated excellent electrochemical behavior as compared to bare MoS,
or graphene [78]. Furthermore, the issues related to Mg-ion adsorption at host mate-
rial and diffusion, Yang et al., using the Density Functional Theory, investigated
the MoS, nanoribbon as cathode material for MIBs and reported the maximum
theoretical of 223.2 mA/hg [79].
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FIGURE 10.13 (a) The cyclic voltammetry curves of MoS,/graphene-15 electrode scanned
at arate of 0.5mV/s in the voltage window of 0 V-2.2'V vs. Mg>/Mg. (b) Typical GCD profiles
of MoS,/graphene at a current density of 20 mA/g. (c) Cycling performance of bulk MoS,,
exfoliated MoS,, and the MoS,/graphene-15 composites at 20 mA/g. (d) Electrochemical
impedance spectra of bulk MoS,, exfoliated MoS,, and MoS,/graphene-15 electrodes [78].
(Reproduced with permission from Elsevier, © 2017.)

10.6.2 TrANSITION-BASED CATHODE MATERIAL FOR MIBs

In recent years, over the transition-metal sulfide, transition-metal oxides have gained
enormous attention as the cathode material for MIBs. Owing to the many attractive
properties such as good electrochemical characteristics, higher working potentials,
better thermal stability etc., transition-metal oxides reported to be superior cathode
material than the transition-metal sulfide for MIBs. Many transition-metal oxides
such as MnO, [80], V,Os [81], VOPO, [82], TiO, [83], etc. also offers the similar
advantages. Zhang et al. [84] reported the nano-sized hollandite phase a-MnO,
cathode material for MIBs. The reported cathode material demonstrated excellent
electrochemical performance in electrolyte Mg, (p-Cl);-c(OC,Hg)(N(Si(CHj;),),)
WAICL,_) (n=1, 2) with a specific capacitance of 280 mA/hg within the potential
range of 0.3 V=1.5V. Ju et al. reported the MoS, nano flowers as the cathode mate-
rial for hybrid ion Li*/Mg?* battery and reported the remarkable enhancement of
the electrochemical performance due to Mg stripping/plating at the anode side and
Li* intercalation at the cathode side with a small contribution from Mg>* adsorption
at MoS, cathode. The MoS, nano flower-based hybrid Li*/Mg?* hybrid ion battery
demonstrated high capacity, excellent rate capability, and long cycle life of 243 mA/
hg at the 0.1 C rate and 108 mA/hg at the 5 C rate, respectively. Also, the capacity
retention over 2300 cycles is reported to be 87.2 % [85]. Zhu et al. have used the intro-
duction of defects in cathode material strategy for the enhancement of energy density
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and stability of MIBs and accelerated the diffusion of Mg?* in cathode materials. For
demonstration, they have reported the synthesis of defective 2D MoS, nanosheets via
the hydrothermal method and used as a cathode for MIBs. The discharge specific
capacity of MIBs is found to be 152 mA/hg [86]. Liu et al. synthesized the e-MnO,
via facile potentiostatic electrodeposition and utilized for cathode material for MIBs.
The interconnected nanoflakes of e-MnO, and direct contact with the electrolyte are
responsible for high electrochemical performance. The specific capacity and energy
density of binder-free e-MnO, were reported to be 259.3 mA/hg at 0.5 Ag~! and 98.6
Wh/kg, respectively. The as-prepared cathode shows high stability and 94.3% reten-
tion in capacitance over 400 cycles [80].

10.7 MAGNESIUM-SODIUM (MG-NA) HYBRID ION BATTERIES

With the advance in the use of renewable energy, various nanomaterials have been
used to make the batteries very efficient; LIBs satisfy all the requisite criterion, but
the major challenge is the limitation of energy density. It also suffers the problems
of dendrites formation, thermal runaway and most important part is that it is costly.
Lithium was replaced by MIB, a magnesium-ion battery which has lots of advantages
as an electrode material such as an excellent volumetric capacity of 3833 mA/h/cm?
and gravimetric capacities of 2205 mA/hg, which is double as compared to lithium,
lower flammability and safe to use; it has lower negative redox potential and forms
non-dendrite morphology [3,87,88]. Magnesium-ion batteries require cathode of high
energy density, enhanced rate capability and good cyclability. The major challenge in
the selection of cathode of MIB is the undesirable effects of the host materials that
prevent the insertion of magnesium. Some of the cathodes used are Chevrel phase
MO,S; and spinel TiS,, but the energy densities were very less and a lower voltage
was achieved less than 1.5V. As compared to MIB, sodium-ion batteries are also
gaining lots of momentum in the field of energy materials. SIB batteries [89] use Na
as a cathode because there is a strict prohibition of Na as an anode because it is highly
reactive and has dendrite formation issues. However, its plenty abundance has made it
an attractive electrode material as it will lower the cost of manufacturing. Figure 10.14
[89] shows the charging and discharging of Mg/Na hybrid battery in the charging pro-
cess, the reduction process takes place at magnesium anode and oxidation takes place
at cathode. The converse effect takes place during the discharging process.

There are many interesting features of sodium-magnesium hybrid ion batteries.
Choosing magnesium as an electrode material has many advantages such as high
capacity, availability, low cost and its safety. Sodium ion as a cathode material has
lots of importance like generating high voltage, high energy density, found in abun-
dance, low cost and good cyclability. The electrolyte should allow the transport of
Mg ion and Na-ion both in charging and discharging of the battery. Its oxidation
and reduction process should match with the operating voltage of the electrodes.
This battery mainly works on the principle of sodium-ion insertion or extraction in
the cathode and dissolution or deposition of magnesium ion at the anode during the
cycles of charging and discharging. The stability of the oxidation state of the mag-
nesium electrolyte [89] should not exceed the Na negative electrode. Moreover, the
operating range of the cathode should be in the range the discharge voltage should
not be very low. The electrolyte should be free from any materials which will affect
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FIGURE 10.14 Charging and discharging phenomenon of Mg/Na hybrid battery [89].
(Reproduced with permission Elsevier, © 2020.)

the deposition or dissolution of Mg. Moreover, the recent research highlights that
sodium magnesium hybrid ion battery is demonstrated in Table 10.13.

The future of sodium and magnesium hybrid ion batteries is truly bright. Because
this hybrid battery utilizes the dendrite-free deposition of magnesium at anode and
has the fast intercalation process of sodium ion at the cathode, which is very much
required for the charge storage mechanism of the battery. This also increases the
energy density of the battery. It can be commercialized by improving the materials
of the electrolytes.

10.8 CONCLUSIONS AND FUTURE PROSPECTIVE

The recent advances in the energy storage system alternative to the lithium batter-
ies/LIBs have been reviewed in detail. The cathode, anode and electrolyte materials
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TABLE 10.13
Recent Research Advancements in Anode and Cathode Material for Sodium-
Magnesium Hybrid lon Battery

Types of
Battery Anode Cathode Electrolyte Characteristics  References
MgNaCrO, Mg NaCrO, PhMgCI-AICl;, Energy density —183 [90]
MgAPC, Wh Kg! at voltage
NaCB,,H,,, 2.3V average 50
dual salt cycles
electrolyte
Sodium— Mg metal FeS, Dual salt Good cathodic [91]
Magnesium (nanocrystal) containing capacity;
hybrid battery Mg*? and Na*! excellent Coulombic
efficiency;
rate capability
Mg Berlin green Mg Na (open frame Average discharge [92]
hybrid cell work Berlin voltage is 2.2V
Green cathode) Stable cyclability 50
cycles
Mg-Na hybrid Mg Na,V,(PO,), Voltage 2.6V [93]
Energy density 150
Wh Kg~!
Good capacity
NVTP Mg Na,VTi(PO,), Dual ion High capacity of [89]
NASICON electrolyte 168 mA hg!
structure Mg+ and Na*' Cyclability of 1000
cycles
Mg/Na hybrid ~ NaTi,(PO,); Mn,0, Mg*? and Na*!  Discharge potential [94]
aqueous battery hybrid at 1.2V
electrolyte Energy density of
23.6 Wh Kg™!

Excellent cyclability

used in the different batteries have been discussed thoroughly. The operating prin-
ciple of different batteries such as alkaline batteries, sodium-ion battery, magnesium-
ion battery and sodium-magnesium hybrid ion battery with the key advancement in
their architecture and energy efficiency is discussed in detail. The electrochemical
technologies related to electrode materials and electrolytes have been discussed with
the recent advancements including adopted methods of synthesis, use of nanostruc-
tured material for cathode and anode and applicability of solid electrolyte. While
reviewing the status of different battery systems, it has been observed that there is a
lot of scope for the development of nickel-based batteries, sodium-ion batteries and
magnesium-based batteries. These batteries can replace the monopoly of lithium bat-
teries in the future.
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CHAPTER -5

Hands on Nanomaterials

5.1 Synthesis of Metal Oxide (MOx) Nanomaterials by

Different Methods

In this chapter we shall concisely discuss some easy ways to
perform experiments which will enable the beginners to get some
experience in the synthesis of nanomaterials. We shall mention the
required equipment and outline of the procedure. These
experiments can possible to perform in any moderately equipped
laboratory with low cost investment.

It may be noted that following procedures are only illustrative
and only to give one a flavour of nanotechnology experiments and
are not necessarily the best possible procedures for obtaining
particular nanoparticles.

One can follow the literature and obtain better result or
product as nanomaterial following some more constraint conditions
or procedures.

So, author can tries to elaborate some synthesis methods of
Metal Oxide (MOx) nanomaterials by different ways.

Hands on Nanomaterials 83



. NIPER is developing regulatory approval guidelines
for nanotechnology based drugs and standards for
toxicological tests in nano based drug delivery
systems.

. Firms involved in nanotechnology based product
development primarily products addressing water,
textile, drug delivery have undertaken Life Cycle
Analysis (LCA) partnering with research institutes /
universities.

. In 2010, DST appointed a task force which has been
asked to advice Nano Mission Council to develop a
regulatory body for nanotechnology in India.

. Standardization remains an area of concern. India,
has only taken initial first steps in addressing
standardization issue.

. Address issues keeping the global market regulation
in consideration.

The various institutes in India can have important role in
taking initiative in this direction. Coordination is urgently needed to
serve as a baseline even for collaborative work of multiple institutes.
Only by creating such a well-functioning governance structure can
India make nanotechnology into a success.

References

1. Emergence of nanotechnology in India, Deva Prasad
(National Law School of India, Bangalore), Digital Dividend
Symposium on potential benefits of new technologies, Nov
2015

2. Draft-Guidelines @ dst.gov.in sites
https://dst.gov.in/sites/default/files/Draft-
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Synthesis of Substituted-4, 6-Diaryl-2-Imino-6h-2, 3-Dihydro-1,
3-Thiazine
A. S. Dighade
Department of Chemistry, J.D. Patil Sangludkar Mahavidyalay, Daryapur, Maharashtra, India

ABSTRACT

Six different VII (a) —VII (f) thiazine were synthesized from flavanone VI (a) —VI (f) in ethanol containing
little KOH and piperidine by the interaction of thiourea. The structures of some compounds were confirmed
on the basis of IR, NMR, and Mass analysis.

Keywords: Iodo Acetophenone, Iodo- Diketone, Substituted iodo- Flavanone, Substituted iodo- 1, 3-Thiazine.
I. INTRODUCTION

The heterocyclic compounds which contain nitrogen, sulphur and oxygen possess an enormous significance
in the field of medicinal chemistry. Heterocyclic compounds are abundant in nature and have acquired more
importance because they form the structural subunits of many natural products such as vitamins, hormones,
antibiotics and drug molecules. 1,3- thiazines which contains nitrogen and sulphur as a part of six membered
heterocyclic ring (N-C-S). This ring also present in some of the medicinally important compounds like
Xylazine( agonist at the oe- adrenergic receptor is used for sedation, anesthesia, muscle relaxation, and
analgesia in animals')

Chhaya D. Badnakhe and P. R. Rajput? have synthesized and study of substituted 1,3-thiazine and their
nanoparticles on phytotic growth of some vegetable crops. Koketsu et al.3, have synthesized 4- hydroxy-4-
metyl-2, 6-diphenyl-5 5, 6-dihydro-4-H-1, 3-thiazine. Leflemme et al.* have synthesized dihydro and
tetrahydro-1, 3-thiazinederivatives from f aryl-B-amino acid.

Thiazine derivatives were reported to possess diverse biological activities including anticonvulsant®
antimicrobial®781011 - analgesic'?, anti-inflammatory and ulcerogenic'3!4,anticancer!>!617.1819  antidiabetic?,
immunotropic?', antianxiety?, insecticidal and pesticidal?, antitubercular?, anthelmintic?, anesthetic?,and

antiviral?.

II. EXPERIMENTAL

Melting points of all synthesized compounds were determined in open capillary tube and are uncorrected.
The purity of compounds were checked by TLC using silica G. I. R. spectra were recorded on Perkin-
Climer-841 spectrometer (cm) in KBr disc and NMR (Brucker Avance II 400 NMR) using CDCls as solvent.

terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial use,

Copyright: © the author(s), publisher and licensee Technoscience Academy. This is an open-access article distributed under the
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Synthesis of 2-hydroxy-3-iodo-5-methyl-acetophenone (Compound-1)

Page No : 330-335

By known method from p-cresol to p-crysyl-acetate prepared and then by fries migration-2-hydroxy-5-

methyl acetophenone which on iodination gives 2-hydroxy-3-iodo-5-methyl acetophenone (Comp.-1).

Synthesis of 2-benzoyl-3-iodo-5-methyl acetophenone (IV)

2-benzoyl-oxy-3-iodo-5-methyl acetophenone was prepared from compound no. (I) by using benzoic acid,

POCIs in pyridine and structure was confirmed on the basis of IR and NMR spectral analysis.

Synthesis of Diketone (1-(2-hydroxy-3-iodo-5-methyl phenyl)-3-phenyl-1, 3-propanedione) (V)

1-(2-hydroxy-3-iodo-5-methyl phenyl)-3-phenyl-1, 3-propanedione was prepared from by Baker -

Venkatraman Tranformation reaction. The structure was confirmed on the basis of IR, NMR and Mass

spectral analysis.

Synthesis different substituted flavanone and chromanone VI (a) — VI (f)

Compound no. V propanedione was reacted with six different aromatic aldehydes in ethanol containing few

drops of piperidine gaves six different substituted flavanones and chromanones i.e. VI(a) — VI(f). The

structures of some flavanone were confirmed on the basis of IR, NMR and Mass spectral analysis. The

compounds prepared were listed in table 1.

CHO
OH o
H2 + C2H50H _
H C C . . . o
3 . Piperidine |, c C_O
|l
o (o}
Table 1 3-aroyl flavanones and 3-aroyl chromanones VIa - VI f
Exp. Comp. M.P in yield
Name of compounds
No No. Oc
82 VIa 3-benzoyl-2’-phenyl -6-methyl- 8 -iodo flavanone. 117 %¢ 76%
83 VIb 3-benzoyl-4’-methoxy -6-methyl- 8-iodo flavanone. | 76 °c 68%
84 Vlc 3-benzoyl-4’-ethenyl-6-methyl-8-iodo chromanone. | 98 °c 63%
85 VId 3-benzoyl-2’-furyl-6-methyl-8-iodo chromanone. 86°c 65%
86 Vle 3-benzoyl-2’-hydroxy-6-methyl-8-iodo flavanone. 110°%¢ 66%
87 VIf 3-benzoyl-4’- chloro-6-methyl-8-iodo flavanone. 122 0¢c 70%

Characterization data of compounds

2-Hydroxy-3-iodo-5-metyl acetophenone
IR (KBr) vmax cm: 3200 cm! (s) — phenolic OH , 2919 cm™ (s) — Ar- C-H stretching, 1635 cm?! C = O

stretching, 1082-1007 cm! (S) CHs - stretching , 1020 cm™ (S) CHs stretching, 550 cm™ C-I stretching.
TH NMR: [6 CDCls]: 2.3 & (S, 3H, Ar- CHs), 2.6 6 (S, 3H, COCHs), 7.5 & (S, 1H,

Ar-H),7.7 8 (S, 1H, Ar-H), 12.9 § (S, 1H, Ar-OH).
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TOF MS ES+: 345 Molecular ion at 275.1 m/z assign the molecular formula CoH9oIO2 and 1362 Base peak at
119.1 m/z assign the molecular formula CsH~O.

2-benzoyl-3-iodo-5-methyl acetophenone

IR (KBr) vmax cm; 3046 cm! (s) —C-H stretching in Ar-H, 1686 cm™ C = O stretching, 2919 cm! (S) C-H
stretching in CHs , 1562.09 cm™ (S) C=C ring stretching, 1212.5 cm™! (S) Ar-O stretching, 549 cm™ C-I
stretching.

'H NMR: [6 CDCls]: 2.25 & (S, 3H, Ar- CHs), 2.6 8 (S, 3H, Ar-CO-CHs), 7.5 8 (S, 1H,Ar-H), 7.2-8.25 & (m,
7H, Ar-H), 13 8 (S, 1H, Ar-OH).

(1-(2-hydroxy-3-iodo-5-methyl phenyl)-3-phenyl-1, 3-propanedione) Diketone

IR (KBr) vmax cm: 3045 cm™ (s) Ar-H stretching , 1635 cm™! C = O stretching, 3020 cm™ (br) Ar-OH
stretching , 1598-1447 cm™ (S) C=C ring stretching vibration in aryl gp, 2919 cm™ (S) Ar-CHs stretching,
536 cm™! C-I stretching.

'H NMR: [6 CDCls): 2.1-2.3 6 (S, 3H, Ar- CHs), 8.3-8.45 & (d, 2H, for CH2), 7.1-7.85 § (m, 7H, Ar-H), 12.8 §
(S, 1H, Ar-OH).

TOF MS ES+: 760 Molecular ion at 380.0 m/z assign the molecular formula CisHi13IO3and 7173 Base peak at
335.9 m/z assign the molecular formula CisHulO.

3-benzoyl-4’-methoxy-6-methyl- 8-iodo flavanone

IR (KBr) vmax cm': 3056 cm! (s) Ar-CH stretching , 1692.35 cm™! C = O stretching of aroyl gp, 1253.64 cm!
(S) Ar-O stretching ,1461.72-1439 cm! (S) C=C ring stretching vibration in aryl gp, 2914.56 cm™ (S) Ar-
CHs stretching, 1349.47 cm-1 (S) Pyrone, 573 cm™! C-I stretching.

'H NMR: [ CDCls]: 2.2-2.40 § (S, 3H, Ar- CHzs), 3.8 8 (S, 3H, Ar-O-CHz), 6.8-7.9 & (m, 11H, Ar-H), 3.0 & (5,
1H, CHa), 5.5 & (S, 1H, CHs).

TOF MS ES+: 579 Molecular ion at 498.2 m/z assign the molecular formula C24H19IO4 and 16634 Base peak at
229.1 m/z assign the molecular formula CisHi310x.

3-benzoyl-2’-hydroxy-6-methyl-8-iodo flavanone

IR (KBr) vmax cm!: 3336 cm'(br) Ar-OH stretching , 3133-3005 cm™ (s) Ar-CH stretching , 1596-1667 cm!
(s) C = O stretching of aroyl gp, 1197-1257 cm! (s) Ar-O stretching, 1535-1444 cm! (s) C=C ring stretching
vibration in aryl gp, 2948 cm™! (s) Ar-CHs stretching, 1347 cm-1 (s) Pyrone, 514 cm™ (s) C-I stretching.

'H NMR: [8 CDCL]: 2.1-2.6 6 (S, 3H, Ar- CHs), 12.7-13.0 6 (br, 1H, Ar-OH), 7.2-7.85 6 (m, 13H, (1H) CHa,
(1H) CHs & (11H) Ar-H),

TOF MS ES+: 520 Molecular ion at 484.0 m/z assign the molecular formula C3H17104 and 6417 Base peak at
229.1 m/z assign the molecular formula CisHisIOx.

Synthesis of substituted 4, 6-diaryl-2-imino-6H-2, 3-dihydro-1, 3-thiazine

Compound (VIL.-VIIf) 0.01 M, thiourea 0.01 M and 0.02 M KOH solution with a few drops of piperidine
were refluxed in 25 mL ethanol for 2 to 2.5 hours. Dilute it with water and acidified with conc. HCL. The

products were crystallized from ethanol. Physical data are shown in Table

International Journal of Scientific Research in Science and Technology (www.ijsrst.com)
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Reaction
| R NH
ﬁ o )l
o
H,N—C—NH, AN 3 R
-
ethanol+KOH+few HyC AN @
HsC C C—@ drop of piperidine
C
[ z
0 0 0
(VIDb) (VI a)
Table 2 4, 6-diaryl-5-aroyl-2-imino-6H-2, 3-dihydro-1, 3-thiazines VIIa — VII f
Exp. Comp. M.Pin | Yield
Name of compounds
No No. Oc
a8 Vla 4- (2- hyleoyc.y —3-iodo-5—m.ethylphenyl) .—5—.benzoyl -6- 208 °c 70%
(phenyl) -2- imino- 6H- 2, 3- dihydro-1, 3-thiazine.
89 e 4- (2’- hydroxy -3—iod‘o—‘5—methylpheny‘l) —5—benzoyl‘ —6‘— (4- 118 0¢ 68%
methoxyphenyl) -2- imino- 6H- 2,3- dihydro-1,3-thiazine.
9 ViLe 4- (2’- hydroxy —3—if)dc‘)—5—methylpheflyl) —5—benzo?11 —‘6— (-2- 1500 60%
phenylethenyl) -2- imino- 6H- 2,3- dihydro-1,3-thiazine.
91 VIId 4- (2- hyflro.xy —3—iodo—5—n.1ethylphenyl)‘ —5‘—benzoy1 -6- (2- 89 0c 62%
furyl) -2- imino- 6H- 2,3- dihydro-1,3-thiazine.
9 R 4- (2’- hydroxy —3—io‘do‘—5—methy1phen‘yl) —5—benzoy‘1 —‘6— (-2- 98 ¢ 64%
hydroxyphenyl) -2- imino- 6H- 2,3- dihydro-1,3-thiazine.
93 VIIE 4- (2’- hydroxy —SiiO(‘io—S—methylph‘enyl) —5—benz?y1. -6- (-4- 108 ¢ 65%
chlorophenyl) -2- imino- 6H- 2,3- dihydro-1,3-thiazine.

Characterization data of compound

Synthesis of 4- (2’- hydroxy -3-iodo-5-methylphenyl) -5-benzoyl -6- (4-methoxyphenyl) -2-imino- 6H- 2, 3-
dihydro-1, 3-thiazine

IR (KBr) vmax cm: 3368.81 cm-1 (s) O-H streaching in phenol, 3056.26 cm™! (s) Ar-H stretching, 2836.03
cm’! (s) C=N-H streaching, 2945.49 cm™ (s) C-N-H streaching, 1691 cm™ (s) C=N streaching, 1256 cm'! (s)
C-N streaching, 1637.47 cm™ (s) C = O stretching of aroyl gp, 1555.67-1604.39cm! (s) C=C ring stretching
vibration in aryl gp,536 cm™! (s) C-I stretching.

'H NMR: [6 CDCls]: 2.3 6 (S, 3H, Ar- CHs), 3.95-4.2 § (S, 3H, O- CHs),

3.6-3.9 6 (S, 2H, N-H & =N-H), 2.7 8 (S, 1H CHa), 6.5-8.2 § (m, 11H, Ar-H).

TOF MS ES+: 425 Molecular ion at 554.2 m/z assign the molecular formula C2sH2:IN20sS and 12751 Base peak
at 229.1 m/z assign the molecular formula C7H¢IO.
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III. RESULTS AND DISCUSSION
Compound VIa — VIt and VII. — VIIr were synthesized through the route as shown in general reactions with

R and R’ as shown in Table 1 and 2. Physical data are given in Table 1 and 2. The synthesized compounds I.

and Il were confirmed on the basis of IR, NMR spectral analysis.
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To Study the Adsorption Efficiency of Pb (II) from Aqueous
Solution Using Low-Cost Adsorbent

Anil R. Somwanshi
Department of Chemistry, J.D. Patil Sangludkar Mahavidyalaya, Daryapur, Maharashtra, India

ABSTRACT

Lead is toxic to living systems and therefore it is essential to remove it from wastewater.The removal of Lead
(II) ions from aqueous solution by using Phyllanthus emblica tree bark was investigated. Adsorption studies
were performed by batch experiments. The effect of contact time, pH, adsorbent dose and temperature were
explored. From the experimental data, the isotherm parameters of Freundlich and Langmuir were calculated.

The equilibrium was best represented by the Langmuir. Langmuir adsorption capacity (Qo) was found to
be3.28 mg/g.

Keywords: Adsorption, Lead (II),Langmuir, Freundlich
I. INTRODUCTION

Many heavy metal ions are present in the form of pollutants in industrial effluent.Ground water and surface
water gets contaminated by heavy metal ions released from the industries such as metal plating, metal
finishing, rubber processing, fertilizers, mining etc'2. Rapid industrialization has led to increased disposalof
heavy metals into the environment. The Groundwater that contains an appreciable amount of iron or
manganese or both is always devoid of dissolved oxygen and high in carbon dioxide content?. As far as is
known, humans suffer no harmful effects from drinking water containing lead. However, lead interferes with
laundering operation, imparts objectionable stains to plumbing fixture, and causes trouble in distribution
systems by supporting growths of iron bacteria®. With better awareness of the problems associatedwith lead
came an increase in research studiesrelated to methods of removing lead from wastewater,for which a
number of technologies have beendeveloped over the years®. These technologiesinclude chemical
precipitation, electro flotation, ionexchange, reverse osmosis and adsorption onto activatedcarbon. These
methods are not cost-effectivein the Indian context. Low-cost and nonconventionaladsorbents include

agricultural wastes,such as natural compost, Irish peat, planer shell, walnutshell, and biomass®”.
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II. MATERIALS AND METHODS

Preparation of Adsorbent

Phyllanthus emblica bark were collected from the Mahendri Forest region. It was wash with triple distilled
water to remove impurities from it and then sundried for 4 days. Later on, the bark was cut in to small pieces
with the mesh size 100. To activate the adsorption power of adsorbent the bark was wash with 0.1 N H2SO4
and 0.1 N NaOH solution.

Preparation of Solutions

Standard solution of Leadwas prepared in deionised water. The concentration of Pb (II) was analysed by UV-

Visible spectrophotometer (model-117) at the wavelength of 460 nm.

III. RESULTS

Effect of pH

The effect of pH can be done experimentally by taking 0.5 gm of adsorbent with working volume of Pb (II)
200 ml having constant initial metal ions concentration and the contact time of 3 hours with shaking speed
1000 rpm in the pH range 1 to 7 shown in fig.1.

Effect of Contact time

Study was carried out by taking 0.5 gm of adsorbent with working volume of Pb (II) 200 ml with known
concentration of metal ions. It was observed that initially rate of adsorption is rapid up to 180 min with
shaking speed 1000 rpm and then there was no further change in equilibrium concentration. Equilibrium
time was found to be 300minutes for this adsorptionshown in fig.2.

Effect of Adsorbent dose

The effect of varying the adsorbent dosage (AC-PETB, AC- PETB-SLS and AC- PETB-AMPSA) from 0.2-1
gram for adsorption of Mn (II) from their aqueous solutions having known volume of initial concentration
was studied at pH 4 It has been found that the percent removal of Mn (II) increases with increase in
adsorbent dose up to some extent, thereafter further increase adsorbent dose shown in fig.3.

Effect of Temperature

Effect of temperature was studied by varying the temperature from 30°C to 60°C with working volume 200
ml having known concentration. Study was carried out at pH 4 and at 1000 rpm with contact time 3 hours
shown in fig.4. As the temperature increases porosity increases and percent of adsorption increases up to

certain extent and then remains constant this is due to chemisorptions process.
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Isotherm Modelling

Langmuir Adsorption IsothermThe Langmuir isothermmodel can be given as:
1 1 o 1 N 1
g Q°b" Ce  Q°

The Langmuir constant Q° is a measure of adsorption capacity and b is the measure of energy of adsorption.

In order to observe whether the adsorption is favourable or not, a dimensionless parameter ‘Ri’ obtained from

Langmuir Isotherm. The values of Q° and b were evaluated from the intercept and slope of linear plots of 1/qe

vs. 1/Ce respectively.

Freundlich Adsorption isotherm It is most commonly used adsorption isotherm model which describes

adsorption on heterogeneous surfaces with interactions among adsorbed molecules. It helps to investigate the

nature of adsorption and the adsorption capacity of an adsorbent. The linear form of Freundlich isotherm

model is

log ge= B. log Ce + log Kz

Where, B and Kr are Freundlich constant. These constants represent the adsorption capacity and the

adsorption intensity respectively. ge is the amount adsorbed at equilibrium(mg/g), Ce is the equilibrium

concentration of adsorbate.
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Table 1: Adsorption Isotherm Constants

) Langmuir Isotherm Freundlich Isotherm
Metal ion
Qo b R R? Ke 1/n R?
Pb(II) 3.2820 0.2584  0.1492 0999 1544 0.025 0.999

IV. CONCLUSION

Tree bark prepared from Phyllanthus emblica shows good adsorption efficiency for the removal of lead (II).
The removal efficiency was found to be rapid at initial stage and then slow down. The adsorption isotherm
data was best revealed by the Langmuir adsorption isotherm where maximum adsorption capacity for the
removal of Pb (II) was found to be 3.28 mg/g. The maximum removal efficiency was found to be at pH 4.
Batch study indicatesthat as the temperature, adsorption dose, contact time increases adsorption capacity

increases.
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gram for sdsorption of Mna (1) from their aqueous solutisns having known volume of initial concenrration
was studied 21 pH 4 It has been foand thar the percent removal of Mn (1] InCredses with increzse n
acsorbent dose up to some extent. thereafter further increase adsorbent dose shown jn fig3.

Effect of Temperaure

Effect of 1emperature was studied by varying the temperature from 30°C 10 S0°C with working volume 200
ml having known concentration. Sudy was carriod out 3t pH 4 and ar 1000 Tpm with coneact time 3 hours
shown in fig.d. As the lemperaliire increases PoTosity increases and percent of adsorpiion incregses up to
cenain cxtent and then remaing constant this is due to chemisorptions process,

kL Fig D Eftari ol gl
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L
]
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lsotherm Modelling i
Lengmuir Adsorption FothermThe Langmuir isothermmeele! can be piven s
doili d !
- iy = Q% e F
_ The Langmuir constant O i 12 measure of adsorpion capacity and b is the measure of energy of adsorprien,
ﬂ In order 1o ohserve whether the adsorption is favourable or not. a dimensionless parameter ‘K.’ obtained From
Langmuir lsotherm. The values of (2" and b were evaluaied from the intercept and skope of linear plets of 1/ ;
ve, 1/ respectively,
Freundlich Adsorpoion fotherm 1t is most commonly used adsorption sotherm model which describes
adsorption on heterogencous surfaces with interactions amang adsorbed molecules. It helps to investizate the
nature of adsorption and the adsorption capacity of an adsorbent. The lincar form of Freundlich jsotherm
mndel is
log ges= B. log C. « lopg K
Where, B and Ki are Freundlich constant. These conmants represent the adsorption capacity and the
adsorption intensity respectively. g. is the amount adsorbed at equilibrivmimg/gl, Ce is the equilibrium
concentration of adsurbare. !
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Abstract
mﬂ"ﬁ Em Mg is one of the now innovative stndy methods that have been
the traini F““E"E}'ﬁﬂlilnumm&wmﬁ_“,mhu,m,gm,hmm
mm:! methods. students ean now lesm remotsly using the internel and

~ Online leaming comes in many forms and has been developing with the
introduction of new technologies, Most of the universities, high schools and other
institetions in the world have oll institated this form of leaming and the student
population in the online class is increasing fast. There has been a lot of research on the
impacts of online education as compared to the ardinary classroom education,

There are considerable differences between the oaling leaming environment :
" and classroom environment. In the online environment, tzachers and pupils don’t meet
physically as opposed to the classroom environment where tcachers and pupils
interact physically. In this study, the impact of the online learning on the students,
teschiers and instittions involved was examined, -

Thesis Statement / Hypothesis

The thesis statement for this study is: “online leaming hes positive impact on
the Jeamers, teachers and the instintion offering these courses™

Background study

line learning or B learning s o term used 1o deseribe various leaming

ronments that are conducted and supparted by the use of computers and the

. internet, There are & number of definitions and terminologies that are used to deseribe
online learning.

These include: E leaming, distance learning, computer learning emong others
{Anon m”hg:;:m learning Is one of the terminobogics used in E leaming and :
; “all learning mectheds that sre used fo tmin students thet are '
geograph the troining sehoal, Online lenrmning on the ether hand is
used 1o m“mﬂﬂmm metliods that wre supporied by the intepnet {Moore er
al., 2011).
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(hdime Keweation: Myths and facsy

Another terminology that is used Is I lenming which T been described by
Wost authory pg o learning wethod that fs supported by Hhe wse of comypulers, wey,
enabled commmunicniipg andd the wse of wew technologienl tools fhai enhinneg
COmMunication {Spector, 2008). Other terminologies tial are used fo doscribe this
form of onling leaming e virtual leurniing, collaborntive lenrming, wels bused learning
and computer Supparted collabarative leaming (Conrad, 2006).

Tmpacts ol online cidneation

k]

Various stugjeg and articles documents (he merits, demerits and challen
; ¢ ! A ges of
:;g:r studies, Thm studies show that online study is far beneficinl to the students,
|Im,m and the ihstitution in general and that ghe current challenges can be overcome
eh technologica) ndvancement and inereasing cfficiency of the kearning process.

One of the key ﬂdﬁlﬂlﬂgﬂ of online learning i ;

3 ing iz the ability of studens to stind
. :1 “1! :“I o comfort. For o loag tine students bad to leqve fheir comfort nreas nm'r
rers, T“,“‘ change in COviromnent causes lack of concentration 1o Shudents,

=

the teacher, which utilises the intemet Online education contribuies a myrind of
advantapes for pecple, as well as companies because i Provides ﬂ:xibiri:}- amaong
other work. This indicates that despite people’s physical locations, they ean
accomplish the same level of education by taking similar online Caurses ;

Online study has been found to reducs the worklond on (he tutors. Most of fhe
online noles and books are nvailed to he students ond this reduces the teacher's
workload, Due 1o the availubility of teaching maferials online, tutors are nat requined
W0 search for materials. Teachers usually preparc lessons and this reduces the tnsk of

¢+ training students over and over again,

Accessibility 10 leaming materials fs nnother beneft of online learming.
Studems participating in online study have unlimised mecess 10 lenrnlng materialy pnd
this makes them have the ability to study effectively and eMclently. On the odset

LK ; - —J

i o= A= © —
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5 il fvorrand [T Sap—
jran, students in the Clazspy, o Rt
anil these notes ma
wehsifes.

I ey
g
¥ o be gy, Wt have 1o nko notes ns the fecture progress
rale “hare progres

VL]
Compred to the muterialy uploaded on the
Unlimited. pegope..

lcarning instityg} - e nngy)
classroom m\'h:n“ﬁ Were limireg o 1“" Bdvintnge of anline study. Traclitionally,
wachers limited g JEE The Hmitatig Aumber f students that eould study in the
e ﬂ“thltnmﬂmﬂn: ir:tﬂs::‘ r';':“'il!'rnl such &5 leciure thenlers amd
9018 (Durgess & Hussell, 2003)
However, with g, ' '
classtooms, tutors ang ar advent of gpjing T :

. ather resou studies, pliysical limitotions imposed by 1
can now study in the sam. st wve been climinated, Vast number of students £
online. The use of online medi for . ble 1o access the leoming materials o

\rwining enables vast number of students 1o access
Promotes the leaming process,

Promoting onyj
students to mtgrtsnd::u::mug E been found b':"’ mast of the resechers to open the
classroom  environmeny rely pud on the internct. Mast of the students in the

tand a given =iy on the mlur:.nutr.s and explanations for them to

J“I:’;::::;?mf}l using the web to study at mast of the time are likely 1o be
e, e online educational resources that are available. This results to the
students gaining a better understanding of the concept as opposed 1o those in the
classroom environment (Berge & Giles, 2008). ]

Online study environment allews nrors 1o update their notes and other
malerials much Em-nr as compared to the classroom environment, This ensures tat
the students receive up to date information on a given study area.

One of the main benefits of E-learning to institutions is the ability to provide
training to large number of stedents located at any comer of the world, These students
are charged training fees and this increases the money uvailable to the institution. This
exira income can be wsed to develop new edueational facilities and these will promate

' Despite the many advantages that enline study has on transforming the leaming

process, there are some challenges imposed by the mnlImd. One of the challenges iz
the technological limitations of the current computers which alTeet the quality of the

learing materials and the learning process in peneral. :

ed and slow internet connectivily affects the wvailabiliyy of

b LW dﬂﬂﬁiip;,ﬂh]gm is however been reduced through the application of
Fas ﬁwmd hardware elements (hat have high sccess speeds. This makes it

d applications. As the computing power

| easicr 1o downlosd leaning Fﬂ“"”“['m;"h;].ﬂm.munm anel these will ennble bettor

Itreages. better and faster compuicrs e
sscess to online study facilitics. ' L}? PR
L] )
e ————————

e
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Another disadvaitage of wiline leaming us compared 1o e ¢ n
cnvironment is lck of foedhack from the students, In e nhu.rrrrml_u :.'fw.‘mnmnu,
students listen 10 the becture aml ask the fiors questions amd clarifications of nny
isites they didn't understand, In the wifine cuviromment, the response by the tenche

may not be immedigle and students wha don’t undersinnd n given ¢ oy g
hand 1o Kaise wig the feachers,

The problem is however been circamvented by the use of simple explanmtion

mithiogs, ﬂi-hsh_um and encournging discussion forums between the teachers aned
students, In e discussion forums, students who don’t understand & concept cnn feave
A comment of question wiich will be answered by the tilor later,

‘)

. Advantages or Online Edyeatlan

Online education enghles ye o kam from vari J
;:Eml :;Trm. MicTeasing our knowledge and perspective. It reduces nmuum::
uguhsr :1“ ETls, 8% many ore ghle to communicate moee through online cducation than
| m53es. One can learn from merely anyplace as long a5 they have an availabje ,-"

- hﬂurm:uildumim nqnu.my provides a chapce §p sludy at our owg speed as
no ; I:-Inul online courses arp usuaily enjoyable and mare camfortable
Compared 10 attending traditional classes. |y spares you the inconvenjence of having to

Online education usmally is more affordable. Onfine education firther
. ha
fo be comparatively :r.'huper in comparisen lo conventional educationa) mpif
Linder Iriq.llrumr umiversity programs, the students are required 1o compensare for }
transportation, lextbooks, instinutional facilities such as gyms, libearies, swimming e

=
:
&
:
:
é
5
g

Online education is fexible and sdaptable since one can study ai any time, .
even al midnight. It can help increase the grades of some peaple as compared 1o
standard traditional education. Same peaple leam mare through anling educaiion.

the mix of a diverss group of people from varied eduentivnal, social, culmiral nd
philosophical backgrounds, The subject matter Is always avallable on e intermel,

unlike traditional eduestion. /
a3 !
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pisdvantages of Onliy, Edugny line Eaheoatan: Adyths e fuct
\ on

The mlmm.m: i

i ; il
indisputable, Fur:m“g "line cdyen:
Mgt Ty
arly when lmdiljnuu?m'"“ i brings 10 siudents ure immense and

3 3
commuting or distange, Ming o M excellent onton
has some fundameny -.’q-:u.[: i uﬁw’tﬂhtlmu have “ﬂﬂ;ﬂ ﬂ::m;rnﬂllﬁi:h;
backs tha gqy be I“MEULTNL“" sides, online cdueation also

ent,

Using the CoOmpy
th ter tog
also CaUSE Vision probjagy, o " UCH Can gy
ducation may als hinge, " " St near e - U9 pronc to plagiarism, It can ']
camplicated for a person 1 o o o3 develogmeny 1o st the whole day. Onling
Mwﬂmtﬂdusmnlhing Hecountabe hmcﬁrmi.-:lmr cducation can be quite
- learning without someone to

—

Online educatipg deta

LT cheg
mmmsumnumm ’“‘“ﬂﬂmm

; ¢ Unders h mates, One mi it i
al:::e I;HIJ::L“ l::]n ITET: in g ﬂm%h;:l?:.ﬂ pmn::;: It is e:sgi:.-r :ﬁdm':.ﬂl;:
b ives one ¥ not advizah] ]
leaning, There are a Number Dfdil:ul:;.-nr flonomy which m;:ah::.:;:;:f ans.
might interrupt our leaming, Qs H00s on the interney through advy Pond
- lEniy : Me education iz, has sigujﬂnm“:mh:d “:If!
. self.

. Like any other form o bt :
: caming, i .
challenges. It iz theraf; . e WG studies have
impacs Of this training g o 10 J5redit online earing e g, o 20
e challenges. +Hrihemmore, the benefits of e-Icarming far outweigt

-

Conclusion

In culmination, a comparatjve study betwe
en class ine
was carried out, The fh:d;_.r was denc by examining the ﬁ&?&iﬁ,ﬂ? ;n!i:: i
pmhl m_f.he applicability online leaming to students. The study mwhmd
oaline leaming has many benefits as compared to the conventional learning in“m

Though enline leaming has several challenpes such as lack of
feedbnek
mll I!:i lack ngm proper t;thnulugy to effectively conduct anling lz;lmﬂﬂ:;
.- Jmiations can be overcome by upgrading the E-Leaning systems and gy
®line discuesion forums and new web based soflware’s, i

.. In conclusion, online leaming is beneficial 1o the swdents, tutors gng the
:ﬁlm offering these courses. 1 would therefore recommend that enline laming e
lemented on all Jearning institutions and research on how o imprave this lcaning
fhees thould be carricd out. Online cducation hns both sdvantages gy
ngs, but it'is an excellent method of leorning that can help develop |

"ﬁml'. performance. To succeed In onling education, one should choose m"lhi}'
v et 1 L IR L

T
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USE OF RESEARCH TOOLS AND SOFTWARE IN BUSINESS
RESEARCH

- Mangalavati G. Pandey
& 4. D. Patil Sangludkar My.
_Tmme Darayapur.Dist. Amravati

Abstract
Research is a tool of building block and a sustaining pillar of every discipline scientific or
oiherwise that one knows of. Before comprehending the true meaning of the term, we world like
1o make it clear that this is primarily focuses on the process of business research. The premise of
ihis decision-oriented enquiry is vast and may range from the simplistic view, which invalves
compilation and validation of information, Lo an exhaustive theory and model construction.
Business to Business (B2D} isa wransaction which occurs between B0 companies, that is 1o $2¥,
the consumer is not involved in {he transaction of a company. The term may also refer 10 the total
-nfarmation of the company that provides goods or services to another company.

Tools and software used in RUSINESS-TO-BUSINESS research

Desk Research .

Desk rescarch is used to collect secondary data which is collected from previous research. Most
research is published in electronic copy or hard Copy of the research, Librasies, online databasos

and internet are imporant sources of the desk resenrch,

Internet Research . ; ——" Vi :
Internet research tool is growing rapidly in the ndustrial market and e-intelligence is important in
Business-to-Business research, [t is used 10 find all the material and new findings of a research.
Quanlitative Fesearch . .

I, this rescarch there are three echiqués used:; they are focis BrOUPS depth interviews and -

focus groups.

ol ysing in ____.E___ET.___“ regearch. I is o fype of growp discess iom. 1n
this participant are involved in dehale &F i discussions of a aw___._._..n. fora ._"_En__.__...r The participants
make comment of suggestions of a market they have un_.E._EE,..H_ :. ihe subject and the other
participants have 10 confirm of reject the comment, In this the focus. groups :...un.ﬁ.rdm._ the
motivations and ﬂq&:__“:_.._ﬂ_. af the ﬂpﬂ.ﬁmﬁ_gﬁ. Focus groups have four key charngleristics.

i) A1l participanis Bre actively i
ii) The people: have experience 1 the fie

iiii) The rescarchers provide depth gualimtive dati .
iv) Discussions will help fhe researchers understand what is going on the muarket,

1. Focus groups: - it is 8 meth

Iy involved.
|d af research,

ai

N

o

_
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Exuberant Research ISBN: 978-93-91773-06-9

Quantitative ﬂ”nm__Eﬁ___ is used 1o measure the market, calculating the measurerent of the markct
size and qualifying the measurement of the data. In this the data is in market share, market
segmentations, penetration, distribution levels and growth rate of the market.

In this research there are three technigues are used. They are CATI Interviews, sampling and ¢-
RUTW NS,

1, CATI Interview

CATI stands for Computer Assisted Telephonic Interview. In this research telephone is playing an
important role in the Business To Business market and it is easy to solve the large scale quantitative
projects. From this we have many benefits. They are

Iy Erom this interview we can reduce the interview error through navigating the data and increasing
the accuracy of the data.

11} From this we will get immediate feedback of the data.

1) Getting more productivity with the lower cost.

1V} Complete the project rapidly, in a short period of time.

V) We are managing the quotas and multiple languages with great sCCursey.

2, Sampling -

Sampling is 2 technigue of selecting a suitable sample or gathering the information _.Jua the
population by taking different parameters and considerations into aceount. —:.En__..ﬁ the
researchers use the rales of random sampling 10 applying foor the consumer Surveys in Business To
Business rescarch. In this spmpling SOmE researchers argue that *- as a rule of thumb-" In Busingss
To Business surveys thal all the samples are relative to the lower sample m.ﬁ_.“ because the
researchers or CONSUMErs Set the target market as comparahle 10 the structured environments and
on similar criteria they make decisions on it. In this fewer survey -n..._ua:ﬂm o see that the same
pastern that 10 relevant 1o the rest of the targel market, This process i3 a_“_.__:nﬂﬁmﬁ_. and may be
strongly influcnced by the structir® of the erganisation. [r this case it .m casy 1o E__.“__na.ﬁ___ the
study concentration of market. In Business To Business Hw_.u._:ﬁ. these is homogeneity between
constructing the eonsumer market and consumer type sampling Eﬁsn...__.ﬁn psed. One sdvantage
in this sampling is collecting five dota in random sampling or crror i the result to calculate
mathemnatically. Random sampling f5 expensive because il Fequires ihe list of the companics
snvolved in the research for celection. From this the researcher chooses 10 ._w__ﬁ E..&._ stage
sampling. In multi stage sampling the com panies is listed into suparale proups ._,.__.z_us._:__ﬁ different
characteristics in common. These company Ereups are __:._.u.u.._d_..ﬁ_m stratum ¢ompanies, The straia
proup companies are also javing same and it 15 hased of selecting the “guoda’” sample. From this
the rescerchers select the companics in the process of quoti or proportions from the strutum grosp

companies 1o carry oul

I E-surveys ;
e the web survEys were 8 very expensive meihodalogy and slower for self completion than

the postal surveys. Wilh advances in technalogy it is preferable to collect data through web survey
o cvaluate the suisfaction of Customer aad wall This provides product amel service feadback
immediately and it is evaluated in many Pusiness To Business markets.

W . .
il
&, 1 i MR,
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Exuberant Research ISBN: 978-93-91773-06-9

All researchers prefer o web surveys because it saves the time, cost and gelting the accuracy of
the data through levels in avtomatic routing,

Al present e-surveys are dene by the email invitations. From this we have to check the basic
requirements of the survey,

b The researcher shoukd have the accurate and quality of email address list.

ii. The researcher hias 10 see the audiences are using their computers and intemet in their day to
day working enviromiment.

fil. The format of the survey should be a questionnaire type and it should be completed in ten
minutes of time only.

From this survey the customers are answered to this survey then online survey is night technique
for collecting the data,

This investigation has given an overview of the different tools and technigees wsed in research in
the discipline of Business To Business marketing. 1t has looked at different methodological
approaches and commented on their advantages and disadvantages.

Conclusion

The most important and difficult task of a researcher is 1o be objective and neutral as possible, The
temptation to skew the results in the hypothesized direction has to be avoided a1 all costs. Magazine
articles and newspaper surveys which want to prove a point might want to skew the opinion polls
in favour of the Capitalists or the Republicans, or on the need for ressrvation versus no reservation
in educational institutes but a researcher has to collect and display the findings of the research as
ohjectively os possible.

Whatever the research may be, it is essential 1o collect the sources and equipments according 10
the subject, Likewise, the appropriate handling of there sources is also vital. Therefore that
rescarch depends on the research’s work. Al the same time to draw a conclusion through the use
of subtle & clever interviewing skill a% per apprapriate time or conditions & alse vital. There should
not be any exaggeration through the questions so that the conclusion should be derived by rsking
relevant guestions 1o the interviewer,
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Indian Constitution & Waomen

Dr. Jyotsna Pusate
Department 1.0 Patil SangludkarMahavidyals, Daryapus

Head of Home-Economics
Mob Mo B0785.48 1405

rights available to weman (lsdies) in India can be classified into two catcgories, namely
The constitutional fighis are Hsose which are provesdecd in the

The I-r;nl rll.'|:|I'|. o [heé other hand, aré thise which afé

% E‘ur.l"ilill-llifmn] righis and rl.‘l..'n] rights
the Pagliament and the Stale [.EFH.TIHIII‘I"!

virj fai
Aous provisions of the constitution.
n by Constitution of India ere as Follows:

Provided in the various laws (acts) of

']:h"-‘ main privilgges granted o wome
Preamble of the Constliution:-
Under the LConstitutecrial lavw, women bove equal rights as men so as to enable them 1o take

part effectively in the sdmunistrative of the couniry
Equality before Law:-
Article 14 embodies the genernl principles of equality before law and equal protection of

Taws,
Prohibitlon from discrimination on grounds of religion, race, easte, sex or place of hirth:-
Arnicle 15(1) and (2krohibils he state fromn discriminating against any citizen enly on the

basis of any one or more of the aspects such as religion, race, caste, sex, place of birth or any of them.
Article 15(3) makes it possible for the state to create special provisions for protecting the intereses of

wonmen atsd chililren
of socizlly and educationally backward classes of soclery.
Equality of Opportunity:=-

Article 16 provides for equality of opporunity for all citizens in matters relating 1o

Article 15{4) capacitates the Stare (o create special arrangements for promoting interests and welfare
Article 39 requires the State to direct ils policy towards securing for men and women equally

employment or appointment [o any office under the State.
the right to an adequate means of livelihood [Article 39(a)):, and equal pay for equal work for both

Article 39A directs the State to promote justice, on the basis of equal opportunity and

men and wamen [Adrcle 390d)].
promote free legal aid by switable legislation or scheme or in any other way fo ensure thal

opportunities for securing justice are nol denied to any citizen by reason of eoomamic or other

diszhilities.
Humane Conditions at Work:- s -
Article 42 directs the State to make provision for securing justice and humane conditions of
work and for maternity reliel.
ounce practices derogatory to the dignity of

Fundamental Duty:- "
Article 51A (e)enjoins upon every citizen {0 ren
han one third of total

Hun-l-.;lrnn of seats for Women in Panchayats and Municipalities:-
to different

WONTIEn
Article 243 D (3) and Article 243 T{3) provide for reservarion of not less t :
pumber of seats in Panchayats and Municipalities for women (o be allotied by rotation

number of officers of

Article 243 D(4) T(4) provides that not less than one third of the total
lotted by

Constiluencies.
Panchayat and Municipalities at each Jevel to be reserved for women.

chairpersen in the
ta/Electoral law:-
Veuig 1 e ;jrd seats shall be reserved for women. Such seats may be al
ny other level shall be

Not less than one- AL
rotation 1o different constituencies in a Panchayat. ]
The office of the chairperson in the Panchayat at the village or a : 2
reserved for SCs, STs and women in such manner as the legislature of state may, by law provide.
Reservation of seals for women in Municipalities is provided:- : —_— 1
tutional mandate, the state has enacted various Iﬂgmlahv:: MEasure:
e it n and various forms of viclence and

intended to ensure equal rights, to counter social discriminatio
15 I Website — www.aadharsocial.com  Email — aadharsocial @ gmail.com.
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airocities and 1o provide e November
:;'J_:trms of any u]; lh‘:d:ﬂ!;u sErvices eEpecially 1o ] R *
.w *Fﬂtiﬁ:a.!ly Hinina-t“ such sz 'Murder’, 'Rﬂtrt:‘uftmg Wwomen. Although wosmen be
classified under twa _“‘-Ell.'rgnr ate charpeier .r}l p I_."gr i, the ¢rimes, wnm
- cafegories, red a8 "Crime Apainst W . ich are
Legal Rights to Women: The foll i
rids for Womer ;- U'ﬁ'ﬁlg

various leglslation’s
contaln
Protect] i ed several rights andd

protect women in Ind; Domestic Violence Act (2005 |
i a relationship with s ey 2! domestc violeace. I i e et
verbal of emotional, et and are subjected 1o violence of any kind plysical, sexusl ke

Immoral Teaffic (Prevention) Act (1956) is the

iraflicking for commerci 3
girls for the purpass of Fa]: ; !#:"'““j explodtation. In athes wards, il prevents rafficking in woanen and
women through m“n?:“iﬂw“m“ (Profibition) Act (1986} prahibits indecent representation of
Commission of Sai [Prﬂ:nt:i:;]hfh??;;ﬂ!' ""'-'illr;f’ﬁ- paintings, figures or in any other mannes.
e : L es for . :
commission of sati and its glorification on wmrr the more effeciive. grevomtion of (e

ki mnm;ﬁlﬂlmmﬁ:: {1961) prohibits the giving ar taking of dowry at ar before o any Urme
FE qm};‘mm_“}‘ Benefit Act (1961) regulates the employment of women in cerain geiahlizhments
b n period before and afler child-birth and provides for moternity benefit and certain olher
; Medica! Termination of Pregnancy Act (1971) provides [for the tepmination of csrtain
pregnancies by registered medical practitiosers on humanitarian and mesdical grounds.,

Pre-Conception and Pre-Natal Diagnostic Techniques (Prohibitian of Sex Selection) Act
(1994)prohibits sex selection before or after copception and prevents the misuse of pre-natal
diagnastic techniques for sex determination leading to femals feticides.

Equal Remuneration Acl (1976) provides for payment of eqyikal remneration Lo beoth rmen and
wornen workers for same work or wark of a gimilar natare. It alse prevents discrimination on the
ground of sex, against women Ln recruitment nod service conditions.

Dissolution of Musim Marrtages Act (193%) grants 4 Mustim wife the right o seck the
dizsnhuiion of ker marriage.

Muslim Women (Protection of Rights on Divorce) Act {1986)protects the rights of Muslim
woren who have been divoresd by of have obitained diverce from their hustbands,

Family Courts Act (1984) provides for the establishment of Family Courts for speedy scitlement of
family dispuied.

Inclian Penal Code (1860} comains pravisions 1o protect Indian women from dowry death,
rape, kidnapping, cracliy and oiher offerces.

Code of Criminal Procedure (1972) has cestain safepuards for women like obligation of a
peraan o imaintain his wife, arrest of woman by female police anel 20 oM,

Indian Christian Marringe Act {1872) contain provisions relating to marriage and divoree amang the
Christian community.
Lepal Services Authorities Act {1987) provides for free legnl services 10 Indian women,

Hindu Marriage Act (1935} introduced monogamy and allowed divorce an certain specified
groands. It provided equal rights 1o Indian man and woman in respect of marriage and divorce.

Hindy Succession Al (1956) recognizes the right of women 1@ inherit parental property
equally with men.

Mipkmum Wages Act {1948) does not allow diserimination between male and female workers
or different minimum wages for them,

Mines Act (1952) and Factories Act {1948) prohibits the employment of women between 7
PM. to 6 A.M. in mines and facterics and provides for their safety and wellare.
The following other legislatlon’s also contain certain rights and safeguards for wamen:
Employees” State Insurance Act [1948)
Plantation Labour Act (1951}
Bonded Labour System {Abolition) Adl (15976}

premier legislation for prevention of
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Parsi Marriage and Divorce Act (1936)
apm_ial Marriage Act (1954)
Fareign Marriage Act (1969

In::’liﬂn Evidence Act [1872)
Hindu Adoptions and Maintenance Act (1956).

: _ ;
National Commission for Women Act {(1990) provided for the establishment of a Mationa

| . g riehts
Commission for Women to study and monitor all matters relating to the constiutional and gk
and safeguards of women.

; . plh. Act
Sexual Harsssment of Women ot Workplace (Prevention. Probibition and Redressal)

in public and
(2013} provides protection to women from sexual harassment ot all workplaces both in P
private sector, whether organised or unorgenized.
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